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Practical Aspects of Internal-Sample 
Liquid-Scintillation Counting 


JACK D. DAVIDSON and PHILIP FEIGELSON 


Departments of Medicine and Biochemistry, College of Physicians and Surgeons 
Columbia University and Francis Delafield Hospital, New York 32, New York, U.S.A. 


(Received 24 September 1956) 


The appearance of commercially available equipment has made it practicable for chemists 
and biochemists to consider the use of liquid-scintillation counting for the assay of radioactive 
samples. The method offers excellent sensitivity for weak beta-emitting isotopes, including 
tritium. This is because of its 47 geometry for samples as large as several grams. 

The disadvantages of the technique are discussed in detail. The equipment is several times 
as expensive as most other counting apparatus. It is more complex to understand and to 
maintain. The method involves certain prerequisites of the sample material. These include 
adequate solubility in the rather limited group of alkyl benzene and polyether solvents that 
suffice as liquid-scintillation solvents, absence of color, and freedom from quenching action 

Le upon the scintillation phenomenon. Toluene remains the solvent of choice, but its usefulness 
has been broadened through the use of 2-ethylhexanoic acid and a quarternary ammonium 
base which form toluene-soluble salts with many cations and anions. 

The applicability of liquid-scintillation counting to any counting problem should be evaluated 
specifically. In general, however, some of the applications in which it appears to be the 
method of choice include nearly all tritium counting, assaying C!* and S** samples of low 
specific activity, any type of counting where speed and ease of sample preparation are necessary, 
and the counting of volatile compounds. 


ASPECTS PRATIQUES DU COMPTAGE A SCINTILLATION LIQUIDE 
AVEC ECHANTILLON INTERNE 


L’apparition d’équipements disponibles dans le commerce permet aux chimistes et bio- 
chimistes d’examiner |’utilisation des compteurs a scintillation liquide pour le dosage d’échan- 
tillons radioactifs. Cette méthode est extrémement sensible pour les isotopes émettant des 
B mous, y compris le tritium, ceci du fait de l’utilisation des 47 pour des échantillons allant 
jusqu’a plusieurs grammes. 

On discute en détail les inconvénients de la technique. L’installation revient plusieurs fois 
plus cher que la plupart des autres appareils de comptage. Elle est plus difficile 4 comprendre 
et a entretenir. La méthode implique certaines exigences quant a la nature de |’échantillon: 
il doit étre notamment suffisamment soluble dans le groupe assez restreint de solvants utilisables 
pour la scintillation liquide (dérivés aliphatiques du benzéne, polyéthers), étre incolore et 
dénué d’effet d’extinction sur le phénoméne de scintillation. Le solvant de choix reste le 
toluéne, mais on élargit encore son utilisation par l’emploi d’acide 2-éthylhexanoique et d’une 
base d’ammonium quaternaire, qui forment des sels solubles dans le toluéne avec de nombreux 
cations et anions. 

La possibilité d’appliquer le comptage a scintillation liquide 4 quelque probléme de comp- 
tage est a examiner spécifiquement. Cependant, en général, parmi les applications ow il 
apparait comme méthode de choix, se trouvent presque tous les comptages de tritium, les 
dosages de C™ et S** dans les échantillons de faible activité spécifique, tout type de comptage 
demandant préparation rapide et aisée des échantillons, enfin le comptage des composés 
volatils. 


* This investigation was supported in part by research grants (C—2046 and C-2332) from the National Cancer Institute 
of the National Institutes of Health, Public Health Service, and by an institutional grant of the American Cancer Society. 
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X CHETUNROB 


OUOXUMUKAM PaCCMOTPeTh BO3MOAHOCTH CYeCTUMKOB 
Kak B rpamM 4% reomeTpuA. 

JleranbHo paccMoTpeHbI HefocTaTKU MeToja. AnmapaTypa B HeCKOIbKO paz 
Ipyrux yerpoiicrs. Ona C Heit TpyqHee Meroy 
TIpebABAAeT K MaTepHaly Tak HalpuMmep, mpoObl 
PacTBOPATLCA B JOBONbHO rpynne GeH3010B pacTBo- 
He OKasbBaTb racAujero jeiicTBuA Ha octaeTcaA 
pacTBOpuMBIe B COTM C YNCIOM AHMOHOB KaTHOHOB. 

Bonpoc 0 BO8MO7KHOCTH AKU CYeCTUNKOB pelllaeTcA 
B Cayuae. Ognako, BooOmje ropopx, MOAHO CKa3aTb, YTO MeTOTL 


ABIUACTCA MOUTH LIA BCeX CueTa TPUTHA, 


PRAKTISCHE ASPEKTE FUR MESSUNGEN MIT FLUSSIGEN, 
DIE PROBE ENTHALTENDEN SZINTILLATOREN 


Seit entsprechende Gerate im Handel erhiltlich sind, ist es dem Chemiker und Biochemiker 
mdglich, fliissige Szintillatoren zur Messung radioaktiver Proben heranzuziehen. Die Methode 
ist fiir weiche Beta-Strahler, insbesondere Tritium, ausserordentlich empfindlich, zufolge ihrer 
47-Geometrie fiir Probenmengen bis zu mehreren Gramm. 

Auch die Nachteile dieser Technik werden ausfihrlich besprochen. Die Gerate sind 
mehrfach so teuer wie gewohnliche Zahlgerate, sie sind schieriger zu verstehen und zu bedienen. 
Die Methode stellt gewisse Anspriiche an das Probenmaterial, wie Z. B. den einer ausreichenden 
Loslichkeit in einer ziemlich begrenzten Gruppe von Alkylbenzol und Polyather-Lésungs- 
mitteln, welche gleichzeitig als Lésungsmittel fiir den fliissigen Szintillator dienen. Ferner 
muss die Probe farblos sein und darf den Szintillationsvorgang nicht beeintrachtigen. Tuluol 
ist das Lésungsmittel der Wahl, seine Anwendbarkeit wird iberdies erweitert durch Beifiigung 
von 2-Aethylcapronsaure und einer quaternaren Ammoniumbase, welche Tuluol-lésliche Salze 
mit vieren Anionen und Kationen bilden. 

Die Verwendbarkeit der Methode der fliissigen Szintillatoren muss in jedem neuen Falle 
eigens iiberpriift werden. Im allgemeinen erscheint sie jedoch besonders geeignet fiir fast alle 
Messungen von Tritium-, C!4- und $*°-Proben mit geringer spezifischer Aktivitat und bei allen 
Problemen, bei denen es auf Schnelligkeit und Einfachheit bei der Probenherstellung ankommt, 
ebenso wie bei Messungen von volatilen Verbindungen. 


INTRODUCTION 


LIQUID-SCINTILLATION counting began in 
1950 when Reyno ps e¢ al. and KALLMANN 
and Fursr‘®) independently reported that 
dilute solutions of certain substances in 
aromatic solvents could be used with photo- 
multiplier tubes to detect radiation. Most 
subsequent reports of the application of this 
technique have been concerned with its use 
by physicists and by scientists concerned with 
geological and archaeological dating on the 
basis of radiocarbon.“ Both of these 


applications are testimonials to the sensitivity 
and precision of the method. 

Complete internal-sample liquid-scintilla- 
tion counting instruments have been com- 
mercially available since about 1954. This 
has opened the way for wider application of 
this technique for counting the low-energy, 
beta-emitting isotopes so commonly used in 
biochemical research. Only a few publica- 
tions have appeared regarding the practical 
aspects of this use of liquid-scintillation 
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counting and concerning its use in counting 
chemical compounds that are insoluble in 
aromatic hydrocarbon solvents. The present 
report will describe specifically the techniques 
employed in this laboratory in the assay of 
C! in purines. Much of the data, however, 
should be applicable to counting S* and 
tritium as well as other classes of C14-labeled 
compounds. 

The general principles of liquid-scintilla- 
tion counting have recently been well 
reviewed by Hayes. Briefly, the beta- 
counting technique involves the measure- 
ment of radioactivity through counting light 
pulses which are produced by beta radiation 
in a solution containing an appropriate 
phosphor. It is a proportional type of 
counting. The principal virtues of the 
method are its high efficiency for rather large 
samples and its excellent sensitivity and 
facility for measuring low-energy beta 
emitters such as tritium, C!4, and $*°. The 
efficiency and sample capacity stem from the 
fact that the sample and the phosphor are 
dissolved in the same solution. In this 


solution the beta radiation from the sample 
molecules is absorbed with essentially 47 


geometrical efficiency by the surrounding 
solvent and the energy is transferred to the 
phosphor solute. This converts the energy 
to scintillations of light which are then 
detected by photomultiplier tubes. The 
transformation of beta-particle energy to 
light vastly increases the range at which 
sample disintegrations can be detected, 
thereby obviating the phenomenon of sample 
self-absorption and permitting the use of 
large samples without loss of efficiency. The 
ease of preparing counting samples by simply 
dissolving the substance in solvent in a bottle 
is in contrast with the time and precision 
required for preparation of sample planchets 
for Geiger-Miiller counting or of conversion 
of solid samples to gas and filling chambers 
for gas-phase Geiger-Miiller, proportional, 
or lonization-chamber assay. 

The further discussion of liquid-scintilla- 
tion counting of beta-emitting samples 
involves separate considerations of (1) the 
counting equipment, (2) the solvents, (3) the 
phosphors, (4) the counting samples, and (5) 
the selection of the optimal combinations of all 
of the foregoing for most efficient and depend- 
able counting of specific types of samples. 


THE COUNTING EQUIPMENT 


The instrument used in the work reported 
in this paper was a ‘Tri-Carb Liquid 
Scintillation Spectrometer.* This general 
type of equipment has been described in 
detail by Hreperr and Warts.) The user 
of this apparatus does not need to understand 
all of the electronics involved, but any 
intelligent use of the technique requires 
familiarity with the general principles of the 
electronic equipment. 

The counting of light scintillations involves the use 
of photomultiplier tubes as the detector devices.(°” 
Photons striking the photocathode face of such a tube 
give rise to photoelectrons within the tube. These 
are multiplied through successive dynode stages, 
oriented down or around inside the tube, so that the 
initial electrical pulse is amplified by a factor of 
10°-10®. For any given photomultiplier tube the 
amplification can be varied in proportion to the 
voltage applied to the tube and this variable will be 
referred to henceforth as the high voltage (H.V.). 


* Packard Instrument Co., LaGrange, Illinois. 


The pulses produced by the photomultiplier are 
further amplified prior to being fed into a scaler. 

The principal shortcoming of present-day photo- 
multipliers is that they produce ‘“‘noise.”’ This noise 
in the output of a tube is composed of spurious 
electrical pulses of various sizes which arise from 
factors other than photo-electron emission at the 
photocathode. ‘Thermionic emission of electrons 
accounts for most of the noise. This can happen 
anywhere within the tube, but only that which occurs 
at, or close to, the photocathode produces pulses 
which get amplified sufficiently in the photomultiplier 
to compare with true light-induced pulses. 

It is the noise of photomultipliers which complicates 
the instrumentation of liquid-scintillation counting. 
In a single photomultiplier-amplifier channel noise 
may reach 104—10® pulses or ‘‘counts” per minute 
under the conditions of operation (H.V.) necessary 
to count Cl4 or H%. Both the magnitude and the 
inconstancy of such a noise background would 
preclude the use of photomultipliers for most counting 
purposes. In most commercial equipment this noise 
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problem is solved by a combination of several devices. 
The direct approach is to select “quiet” photo- 
multipliers and further to refrigerate the sample and 
photomultiplier to 0°C or below. The cooling reduces 
thermionic electron emission. A second method of 
reducing the noise is through the use of discriminators. 
With these circuits it is possible to require that 
electrical pulses be at least a certain size to be passed 
on. Since most noise pulses are small as compared 
with bona fide scintillation pulses, a major fraction of 
the noise can be rejected with little loss of true counts. 
Still further reduction of noise is generally desirable 
in weak beta-radiation counting and is accomplished 
by the use of a coincidence arrangement. This design 
employs duplicate photomultipliers viewing the same 
sample. The noise in the two phototube-amplifier 
channels is independently random, while true 
scintillation pulses occur simultaneously in both 
channels. By feeding the two channels into an 
appropriate circuit it is possible to pass on only the 
truly coincidental pulses and thereby reject most of 
the random noise. When noise pulses do by chance 
occur simultaneously in the two channels they are 
passed on by the coincidence circuit. Such pulses 
will be referred to as “accidentals.” A fourth 
principle in noise reduction involves operating the 
photomultipliers at the lowest H.V. consistent with 
the amplification required. This is important, 
because noise increases much more than linearly 
with applied voltage in the operation of photo- 
multipliers. Minimum H.V. can be achieved by 
doing as much amplification as possible in separate 
electronic amplifiers which follow the photomultipliers 
in the circuit, thereby reducing the need for 
amplification within the photomultipliers. 

From the foregoing it is apparent that in any liquid- 
scintillation counting equipment: (1) Refrigeration 
can be eliminated only at the cost of increased noise 
and hence increased background counting rates, if all 
other things are equal, (2) there is a premium on the 
selection of individual photomultiplier tubes with a 
particularly good signal-to-noise ratio, even among 
tubes produced under a given type designation, and 
(3) the highest practicable gain in the electronic 
amplifier is desirable. 

On the subject of the amplifiers it is to be noted 
that several features are desirable in addition to gain. 
The need for stability is self-evident. The amplifiers 
should also be fast so that the amplified pulses can 
be very short. The shorter the pulses, the better can 
be the rejection of pulses that are not genuinely 
coincidental in the dual photomultiplier circuits. 
The amplifiers should ideally be of the nonoverloading 
type so that counts are not lost due to prolonged dead- 
time in the amplifier following large pulses. The 
main amplifiers are preceded by preamplifiers located 


as close as possible to the photomultipliers. Quite 
generally, any noise arising in the overall amplifier 
circuit itself occurs in the first stages of the pre- 
amplifiers. 

After amplification, pulses are subjected to analysis 
before being counted. It is to be remembered that 
the electrical pulses arise from light scintillations 
which were produced by beta radiation so that the 
spectrum of beta-ray energies is represented by a 
proportional spectrum of electrical pulse voltages. 
Under usual conditions of operation, the H.V. and 
amplifier gain are set so that the bulk of the electrical 
pulses produced by the radio-isotope being counted 
are in the 0-100-volt range as they enter the analyser. 
The discriminators and coincidence circuit previously 
mentioned in connection with noise suppression are 
located in this analyser. In addition to noise reduction, 
further refinements of the electronic circuit in the 
analyser contribute to reduction of the radiation 
background count and to several aspects of the 
sample counting itself. 

Additional discriminators are used to further sort 
the spectrum of pulses from a liquid-scintillation 
counter prior to their being counted. If the noise- 
eliminating discriminator, designated a, be set at a 
low-voltage level, e.g. 3-10 volts, this can be said to 
be the lower ‘‘gate”’ of a “‘window” through which 
pulses must pass. In some instruments two other 
discriminators, designated 6 and c, are incorporated 
to establish middle and upper levels to the size of the 
pulses passed on to the scalers. In this manner the 
c discriminator can be set to cause the rejection of 
excessively large pulses, e.g. over 100 volts, so that a 
scaler operating on the pulses passed by the a dis- 
criminator and not rejected by the c discriminator will 
record all pulses of 10-100 volts. The rejection of 
inordinately large pulses reduces true radiation back- 
ground in _liquid-scintillation counting, because 
cosmic and environmental high-energy gamma 
radiations give rise to characteristically large pulses 
which exceed the size of the pulses produced by 
the most energetic beta radiation possible from 
C4 or H%. The 64 discriminator is used to divide 
the pulses which fall within the large window set 
by the a and c discriminators into two smaller 
windows, above and below any intermediate voltage 
set on b. These two small windows or the large 
window and either small one can then be counted 
on separate scalers. This affords some data as to 
the frequency distribution of pulse heights arising 
from the sample. The use of this information will 
be discussed later. 

Upon leaving the analyser, pulses feed into scalers. 
One scaler suffices for one window of pulse heights, 
but, as will be seen, it is useful to have two scalers. 
The scalers are conventional in design and operation. 
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The existence of two scalers permits a switching 
arrangement such as to provide for the simultaneous 
recording of the single-channel counting rates in the 
two photomultiplier-amplifier channels for test 
purposes (bypassing the coincidence circuit). 

In practice this somewhat complicated apparatus 
with about one hundred electron tubes is not too 
difficult to service. Most troubles are due to tube 


failure. The existence of duplicate components 
throughout permits rapid identification of a faulty 
unit by the simple expedient of transposing the con- 
nections of the various duplicate units (photo- 
multipliers, preamplifiers, amplifiers, scalers, etc.) in 
succession until the defective unit is located. This 
generally localizes the trouble to a relatively few 
tubes which can be tested or simply replaced. 


SOLVENTS 


The solvent to be used in liquid-scintillation 
counting constitutes a major problem in the 
application of the technique to counting 
biochemical samples. The physicists and 
those doing C14 dating have managed quite 
well with toluene and xylene, which were 
the first effective solvents found. These 
compounds, however, are not directly usable 
for hydrophilic samples. 

The fundamental attribute of a solvent for 
liquid-scintillation counting is an ability to 
accept energy from incident ionizing radia- 
tion and transfer this energy efficiently to a 
dissolved phosphor. A wide variety of liquid 
compounds have been investigated for this 
attribute by KaLLMANN and and 
by Hayes e¢ al.2%1!)) The two groups of 
investigators agree that this is an uncommon 
property and that the efficient compounds 
are all aromatic hydrocarbons or aromatic 
ethers. The most efficient solvents are alkyl- 
and polyalkyl-benzenes including toluene, 
the xylenes, ethyl-benzenes, butylbenzene, 
mesitylene, cumene, and f-cymene. ‘The 
aromatic ethers, anisole and _phenetole, 
appear to be equally good. Hayes classified 
a number of other compounds as “‘diluters”’ 
or “quenchers” on the basis of their effect 
upon the scintillation pulse height when 
mixed with toluene in various proportions.” 
The “diluters’ caused depression of pulse 
height essentially in proportion to their con- 
centration, while the ‘“‘quenchers”’ resulted 
in marked attenuation of the pulses at low 
concentrations of “quencher” in toluene. A 
number of compounds thus classified as 
“‘diluters’ by Hayes are perhaps more 
usable for sample counting than this classifi- 
cation suggests. Hayes’ data suggest that 


this is true of acetone, benzyl alcohol, 
chlorobenzene, cyclohexane, cyclohexene, 
dicyclohexyl, p-difluorobenzene, m-dimeth- 
oxybenzene, 1,4-dioxane, fluorobenzene, 
fluorocyclohexane, the fluorotoluenes, 
hexane, 2-methylfuran, methylcyclohexane, 
and mineral oil. For all of these Hayes 
found that solutions of 3 g of 2,5-diphenyl- 
oxazole phosphor per liter of the compound 
yielded scintillation pulse heights that were 
from 10% to 75% as large as those given by 
toluene and the same phosphor. 

In this laboratory a similar spectrum of 
solvents was investigated, using a different 
technique.* Candidate solvents were made 
into regular bottled scintillation counting 
samples using a fixed 0-3°% of 2,5-diphenyl- 
oxazole as the phosphor and using a dissolved 
sample of C14-cholesterol or C!4-benzoic acid 
as the source of the exciting radiation. The 
samples were then counted in comparison 
with identical reference samples in toluene, 
but using whatever amplification by photo- 
tube high voltage was necessary to obtain a 
maximum number of counts in a 10—100-volt 
window. This yielded a “toluene index” 
expressing the efficiency of the candidate 
solvent in comparison with toluene under 
any counting conditions practicable with the 
equipment employed. 

Table | gives the compounds studied along 
with their melting-points, the high voltage 
necessary to obtain the peak counts, and the 
counting efficiency relative to the peak- 
counting efficiency of toluene. These results 
are generally in agreement with those of 
Hayes, but by the different criteria such 
compounds as heptane, dioxane, and the 
aliphatic polyethers appear closer to toluene 


* Samples of a number of the organic solvents studied in this investigation were generously provided by the Carbide 
and Carbon Chemicals Company. 
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Tass 1. Counting efficiencies of various solvents tested with 0-3% diphenyloxazole as phosphor 


Toluene 

Methoxybenzene (anisole) 
Xylene (reagent, mixed isomers) 
1,3-dimethoxybenzene 
N-heptane 


1,4-dioxane 

1,2-dimethoxyethane (ethylene glycol dimethyl] ether) 
Benzyl alcohol 

Diethyleneglycol diethyl ether (Diethyl Carbitol) 
Acetone 


Tetrahydropyran 
Ethyl ether 
1,1-diethoxyethane 
Tetrahydrofuran 
1,3-dioxolane 


Ethyl alcohol 

Diethylene glycol monoethy] ether 
Ethylene glycol monomethyl ether 
Diethylene glycol 

Ethylene glycol 


2,5-diethoxytetrahydrofuran 
N,N-dimethylformamide 
Diethyl amine 

N-methyl morpholine 
2-ethylhexanoic acid 


Tri-n-butyl phosphate 


Freezes* H.V.f Efficiency 
| | 
—95 | 970 | 100 
1040 100 
<—20 1040 97 
—52 1110 81 
| —90 | 1180 70 
+12 1180 70 
a 1180 60 
—15 1180 38 
—44 1250 32 
| 1250 12 
1250 6 
| 1250 4 
1250 3 
| —~65 1250 2 
| <—10 1250 0 
—14 1250 0 
1250 0 
—85 1250 0 
| ~8 | 1250 0 
| —13 1250 0 
1250 0 
—61 1250 | 0 
—49 1250 | 0 
—66 1250 0 
1250 | 0 
<—80 1250 | 0 


* Approximate freezing-points in degrees centigrade. 


* High voltage on photomultipliers (amplification) necessary to give highest counting rate. 1250 V was the maximum 


practicable at the 2°C counter temperature. 


+ Efficiency, on basis of c/m, relative to toluene equaling 100%. 


in efficiency. In confirmation of Hayes, 
aliphatic alcohols were found useless. The 
inertness of dioxolane, tetrahydropyran, and 
tetrahydrofuran in contrast to the efficiency of 
1,4-dioxane points out the specificity of this 
phenomenon. Conversely, 1,2-dimethoxy- 
ethane, which looks like an _ uncyclized 
dioxane, had activity, while its chemical 
relatives 1,l-dimethoxyethane studied by 
Hayes and diethyl acetal in this series did 
not. Extension of the polyether chain as in 
diethylene glycol diethyl ether is still con- 
sistent with activity, but a terminal hydroxyl 
group in the monomethy] ether of diethylene 
glycol destroys it. 1,3-Dimethoxybenzene 


was nearly as efficient as the monoalkoxy- 
benzenes, anisole and phenetole. ‘The 
nitrogen-containing diethyl amine, dimethy]- 
formamide, and n-methyl morpholine were 
all similar to Hayes’ “quenchers,” the 
heterocyclic nitrogen compounds: 3-Picoline, 
piperidine, and pyridine. Although the list 
of possible organic solvents has not been 
exhausted, all of these studies suggest that 
the search for a really efficient polar scintilla- 
tion solvent may be unrewarding. 

In the practical selection of compounds as 
solvents for sample counting, a number of 
factors in addition to these figures for 
relative efficiency have to be considered. 
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These efficiencies were all obtained under 
standardized conditions. Some of the solvents 
which showed mediocre efficiency can be 
much improved by the use of higher concen- 
trations of phosphor or by the addition of 
secondary phosphors. Another factor is that 
of chemical purity. Generally, this is very 
important and it becomes crucial when the 
solvents are less than highly efficient. Every 
useful ether tested in this laboratory has 
shown significant improvement following 
distillation over sodium metal. ‘Two com- 
mercial samples of 1,4-dioxane were found 
to differ by a factor of 2 in their counting 
efficiency and even the better sample was 
improved 50%, by further purification using 
the method of Freser."!?) Thus, availability, 
ease of purification, and stability on storage 
are all important considerations. 

At times the isotope to be counted restricts 
the choice of solvent. If the sample emits 
high-energy beta radiation, a solvent of quite 
inferior efficiency may suffice, but for the 
weak radiation of tritium only the most 
efficient solvents can be employed. 

Although optical transmission is not as 
important when dealing with 5- to 100-ml 
counting samples as it is when many liters of 
liquid scintillator solution are used in a 
detector, the solvent should be colorless for 
even small samples. This is especially true 
with either the less efficient solvents or with 
low-energy radiation. 

The chief reason for departing from the 
classical aromatic hydrocarbons is sample 
solubility. As soon as this departure is made, 
consideration must also be given to the 
solubility of available phosphors in the new 
solvent and to the freezing-point if refrigera- 
tion of photomultipliers is being employed. 
Both of these last factors present serious 
problems when solvents are sought for water- 
soluble sample compounds. Dioxane, for 
example, is a quite efficient solvent, but does 
not reach a peak of counting efficiency even 
when saturated with 2,5-diphenyloxazole as 
the phosphor. Also, dioxane freezes at 12°C, 
with consequent optical attenuation of light 
pulses transmitted to the photomultipliers. 
Parenthetically, the degree of attenuation 
and hence the counting efficiency varies 


uncontrollably with the speed of freezing and 
the amount and type of sample compound 
in solution. 

In certain cases the answer to the solvent 
problem is to use mixtures of solvents to 
obtain the desired properties. This has 
been done in the case of tritium-water 
samples.‘13-38) Water can be incorporated 
in a toluene-phosphor solution by using 
absolute alcohol to produce a tertiary liquid 
mixture. The alcohol and the sample water 
both reduce the solvent efficiency, but not to 
a prohibitive degree if their concentrations 
are kept low. Dioxane and water have been 
employed to get water and/or water-soluble 
compounds into this 
case the water advantageously reduced the 
freezing-point of the mixture. 

In this laboratory a technique for counting 
purines was desired. These compounds are 
totally insoluble in aromatic hydrocarbons 
and in dioxane. Dioxane-water mixtures in 
proportions of 4 : 1 and 2 : 1 were tried, but 
suffered from freezing and low efficiency. 
Efficiency could be improved by increasing 
the photomultiplier voltage, but this pro- 
duced a noise background that required 
greater refrigeration than could be used with 
the samples that froze at 6°C. No useful 
amount of toluene could be incorporated in 
dioxane-water mixtures at 0°C. Anisole was 
somewhat more soluble than toluene, but no 
mixture of anisole, dioxane, and water 
remained mutually dissolved and unfrozen 
at 0°C. Despite its additional oxygen, 1,3- 
dimethoxybenzene proved no better than 
anisole in these respects. The addition of 
1,2-dimethoxyethane to the anisole, dioxane, 
and water mixture provided the necessary 
further depression of the freezing-point and 
kept the other components in solution, while 
it impaired the scintillation efficiency less 
than a simple “diluter.” In the finally 
adopted counting solvent, dioxane, water, 
anisole, and dimethoxyethane were mixed in 
the proportions of 6 : 2: 1 : 1 by volume. 

For counting adenine, guanine, and hypo- 
xanthine it was found desirable to substitute 
ethylene glycol for the water, since it is a 
much better purine solvent. In this mixture 
the water or ethylene glycol serves as a 
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solvent for the sample; dioxane is the 
principal scintillation solvent of moderate 
counting efficiency and miscible with all other 
components; the anisole at high efficiency 
and the dimethoxyethane at low efficiency 
balance one another at about the equivalent 
of dioxane in efficiency, but provide the 
needed additional freezing-point depression. 

The phosphors employed in this counting 
mixture are 1-2°%, PPO and 0-05% POPOP. 
Further details on the phosphors will be 
given below. In practice, this counting 
mixture, designated ‘‘Polyether-611,”’ can be 
prepared in a batch containing the dioxane, 
anisole, dimethoxyethane, and the phosphors. 
The purine sample is evaporated to dryness 
in a 5-dram counting bottle. It can then be 
readily dissolved in | ml of ethylene glycol 
and preparation completed by pipetting in 
4 ml of the bulk Polyether-611 mixture. 
Such samples containing C!4 can be counted 
with about 75% of the counting efficiency of 
similar samples in toluene (with 0-3°% PPO 
phosphor), but require 150 volts more on the 
6292 photomultipliers to achieve this. These 
samples do not freeze at temperatures as low 
as —2°C. In the course of a few days, some 
POPOP may precipitate out. This usually 
does not alter the counting efficiency, but it 
can be redissolved by slight warming. 
Samples and the bulk Polyether-611 have 
proven stable for over 6 months. 

Another approach to improving mediocre 
solvent systems has been reported by Furst 
et al.°.16) and LANGHAM et al.‘*°) They have 


found that the addition of 10-70 g of naph- 
thalene per liter of dioxane-water mixtures, 
containing PPO as the phosphor, results in 
restoration of much of the excellent fluores- 
cence of pure dioxane, which was lost upon 
admixture with water. The Polyether-611 
solvent described previously can be enhanced 
in its absolute efficiency from 55% to 70% 
by the addition of 0-5 g naphthalene per 
5 ml; this makes it quite comparable to the 
toluene systems that have 75% absolute 
efficiency under the same conditions of 
counting. Unfortunately, the naphthalene 
can be used only with the ethylene glycol- 
Polyether-611 solvent, since no significant 
amount of naphthalene is miscible with the 
water-Polyether-611. 

It seems possible that other types of 
mixtures may be devised to alter the 
character of liquid-scintillation solvents, but 
at present the alkybenzenes are unequivocally 
the most efficient and generally practicable 
solvents. For this reason, attempts have been 
made to prepare simple derivatives of polar 
compounds that will be soluble in toluene. 
This will be discussed in the section on ““The 
Sample.” Finally, it should be pointed out 
that the “dead” carbon of petrochemical 
solvents offers the slight advantage of not 
having the thirteen to fifteen disintegrations 
per minute per gram of carbon that are 
present as “natural’’ C14 in solvents contain- 
ing contemporary carbon.‘?-*6) This can be 
significant if the solvent volumes are large or 
the sample activities are very low. 


PHOSPHORS 


In liquid-scintillation counting the phos- 
phor is the solute component, present to the 
extent of only a few grams per liter of solution, 
which serves to convert the energy from 
ionizing radiation into photons of light, i.e. 
scintillations. The phosphors useful for 
liquid-scintillation counting are all organic 
compounds. They can be used for counting 
purposes because their phosphorescence has 
an extremely short decay time, e.g. 3 x 10-® 
sec.17) Numerous phosphors may be con- 
sidered, because, apart from differences in 
the efficiency with which they effect the 
energy conversion to scintillations, they differ 


with respect to such other significant proper- 
ties as their solubility in scintillation solvents, 
the wavelength band which they emit, and 
the degree to which they quench their own 
phosphorescence as their concentration in 
solution is increased, i.e. “‘self-quenching.”’ 
The current status of these phosphors 
has been very thoroughly covered in a 
recent series of articles by Hayes and his 
co-workers from Los Alamos _ Scientific 
Laboratory.‘1!:18.19,20) Several of the first 
studies in this field and certain current 
theories as to the mechanism of action of 
phosphors have been reported by KALLMANN 
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Tas_e 2. Phosphors 


Compound 


Concentration g/liter 


2,5-diphenyloxazole 

Terphenyl 
2-(1-naphthyl)-5-phenyloxazole 
2,5-di(4-biphenylyl) oxazole 
1,4-di[2-(5-phenyloxazolyl) ]benzene 
1,6-dipheny]-1,3,5-hexatriene 
7-diethylamino-4-methylcoumarin 


2-(p-dimethylaminopheny]) benzthiazole 


* As secondary phosphors. 
+ Limit of solubility. 


and Furst. For convenience in 
the present discussion, a number of the 
commercially available phosphors which 
have shown particular efficiency are listed 
in Table 2. These and other compounds are 
discussed in detail in reports by Hayes et 
and by The first four 
compounds in Table 2 have been used most 
extensively as primary phosphors. Com- 


pounds 5~—7 are only sparingly soluble in 
alkybenzenes and are of principal value as 
secondary phosphors, a subject to be dis- 


cussed later. Compounds 8 and 9 were 
recently reported by ARNoLD‘**) after he had 
tested about thirty varied compounds used 
as “‘whiteners’” in laundry detergents. 
ARNOLD reports that MC and BT compare 
favorably with the best phosphors reported 
by Hayes e¢ al., e.g. PBD and PPO, and 
points out that they represent entirely new 
classes of compounds. 

Due to the relatively small volumes 
involved in sample counting and to the 
frequent need of making concessions to the 
solubility of the sample in terms of solvent 
selection, it seemed that the phosphors found 
most efficient for toluene by Hayes ef al. 
might not be the best phosphors for certain 
sample-counting applications. Experience in 
this laboratory, however, has been that the 
most efficient phosphors as determined by 
Hayes are the most useful for internal sample 
counting, but that as more hydrophilic 
solvent mixtures are employed, phosphors 
such as p-terphenyl and 1,6-diphenyl-1,3,5- 


hexatriene become  unusably insoluble. 
Under these same conditions, the optimal 
concentration of 2,5-diphenyloxazole (PPO) 
increases. Fig. 1 shows the different counting 
rates observed for a given amount of C14 in 
several solvents as a function of PPO con- 
centration. In toluene the counting rate 
levels off at a low PPO concentration, 
whereas in a dioxane-water mixture no 
plateau is reached up to saturation of the 
solvent with PPO. Apart from the lower 
efficiency, in the absence of a plateau there 
is the significant dependence of the counting 
efficiency upon the exact PPO concentration. 
This is a bothersome variable to control for 
accurate work. It is apparent that such 
dependence upon phosphor concentration 
has been overcome in the ethylene glycol: 
dioxane: anisole: dimethoxyethane mixture 
(Polyether-611) described in the “Solvent” 
section. In its final form, Polyether-611 
employs a secondary phosphor, or spectrum- 
shifter. It has been found that the addition 
of a few hundredths of a per cent of a second 
phosphor having the peak of its fluorescence 
spectrum at a longer wavelength than the 
primary phosphor, results in all of the 
scintillations having the wavelength band 
characteristic of the secondary phosphor. 
This fortunate phenomenon permits such a 
use of trace amounts of DPH and POPOP 
with full exploitation of their superior spectral 
match to phototube sensitivity in spite of 
their otherwise forbidding insolubility. 
Phosphors are similar to scintillation 


9 
No. | | Symbol 
| PBD 10 
PPO 3-4 
| | ®, | 5 
“NPO 0-1-1-0* 
BBO 1-4¢ 
POPOP 1-2+ 
DPH 0-1-1-0* 
MC 4 
BT 4 
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PPO Phosphor concentration g/l 


Fic. 1. The effect of diphenyloxazole (PPO) con- 
centration upon counting rate with equal C4 
activities in different solvent systems. The H.V. used 
was the optimum or maximum practicable for highest 
counting rate using a 10—100-volt window. A=anisole 
C = diethyl carbitol, D = dioxane, E = ethylene 
glycol, M = 1,2-dimethoxyethane, and W = water. 
The numbers following the solvent symbols refer to 
their relative proportions by volume. 


solvents with respect to the degree of purity 
required for maximum efficiency. This 
requirement for extreme purity has led to the 


use of the designation “scintillation grade” 
by commercial suppliers of organic com- 
pounds for use as phosphors. 

From all of the above, it follows that for 
any particular liquid-scintillation counting 
problem one should select one of the highly 
efficient phosphors that is adequately soluble 
in the solvent to be used. The relation of 
counting rate to phosphor concentration 
should then be experimentally determined. 
From this data it is possible to choose the 
lowest concentration of phosphor that results 
in high efficiency and is consistent with 
insensitivity of the counting rate to minor 
variations in phosphor concentration. At 
this concentration of the primary phosphor, 
the addition of about 0-05°% of a secondary 
phosphor (spectrum shifter) may further 
increase the efficiency of counting or may 
permit the use of a lower voltage on the 
photomultipliers with a consequent reduction 
of the noise component of the blank counting 
rate. A recent report has attributed some of 
the effects of secondary phosphors to success- 
ful reversal of oxygen quenching.'**) This 
will be discussed further in the section on 
“Sample.” 

In this laboratory, experience has been 
primarily with PPO and POPOP. ‘These 
compounds have proven stable for over one 
year in both dry form and in toluene or 
Polyether-611 solution. The solutions were 
kept dark and cold. Exposure of phosphors 
to ultra-violet radiation causes very rapid 
destruction.” With regard to radio- 
chemical deterioration, no changes have been 
observed in the counting rates of samples 
preserved for 6 months despite C!* activities 
of 0-01 »C/ml in the samples (80,000 c/m in 
a 5-ml sample). 


THE SAMPLE 


Once conditions have been determined, 
the preparation of samples for liquid- 
scintillation counting is simply a matter of 
dissolving the sample in the appropriate 
solvent with the phosphors. Samples are 
usually counted in glass bottles of one type 
or another. In some of the early work the 
samples were rather large, with the use of 
30-60 ml of solvent in glass-topped weighing 


bottles. These containers are expensive, they 
tend to leak through their ground joints, and 
the large volumes give rise to proportionately 
large radiation backgrounds. For these 
reasons the present authors sought inexpen- 
sive, disposable containers and standardized 
on 5-dram thin-wall medicine vials with 
polyethylene caps. In Table 3 data are given 
comparing the counts obtained in 85-ml 
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TABLE 3 


Volume 
(ml) 


85-ml weighing bottle* 50 
40 
30 
20 
10 


5-dram vialf 15 


Comparative counts on two types of sample container 
with and without a fixed amount of C!* at various volumes 
of toluene containing 0-39 PPO. 

* Kimble #15145, 50 mm diameter x 60 mm high. 

+ Kimble #7600, K-5, Opticlear, 26mm diameter. 


weighing bottles with those from 5-dram 
vials for various volumes of solutions with 
and without a fixed amount of C!* activity. 
These blank counting rates clearly indicate 
the advantage to be gained in terms of low 
background from working with the smaller 


volumes whenever solubility of the sample 
permits. The small volumes also afford 
economies of solvent, phosphor, and sample 
storage space. The relative independence of 
the net counting rate from effects of the 
sample volume permits recounting of samples 
after alteration of their volume. This is quite 
useful when checking for possible quenching 
of scintillations, as will be discussed later. 
In Table 3 it is to be noted that the small 
change of the counting rate with increasing 
Cl4 sample volume is opposite in direction 
for the two sizes of containers. It is believed 
that this is due to differences in the optical 
geometry of the different containers in the 
sample well of the apparatus. Similarly, the 
trends of the two blank counting rates are 
unequal, due to both optical geometry and 
the difference in cross-sections presented to 
cosmic radiation. 

Other considerations arise in connection 
with the sample bottles. In this laboratory, 
minor irregularities in the sample-bottle 


walls have produced a negligible effect upon 
counting. The gross thickness of the wall and 
its color are important. Any color in the 
glass is obviously to be avoided. There is 
radioactive natural K*° in glass, and this, in 
the photomultiplier envelope as well as in 
the sample bottle, constitutes a very signifi- 
cant portion of the blank counting rate. 
Where samples of low activity are to be 
counted, this effect can be minimized by 
using the smallest mass of glass possible and 
by selection of glass for a low potassium 
content. We examined one sample of such a 
glass* and it gave a blank count of 31 c/m 
under C1!4-in-toluene counting conditions 
which yielded 43 c/m in our regular bottle 
of the same dimensions. The caps of bottles 
should be tight and insoluble in the solvents 
employed. No deterioration of polyethylene 
caps has been experienced from any of the 
solvents employed in these studies (Table 1). 
This is probably due in part to the storage 
of all samples at 0-5°C. Some polyethylene 
caps tend to blow off bottles as samples warm 
up after having been refrigerated. Screw-on 
caps with insoluble polyethylene or teflon 
liners should be ideal. 

A phenomenon of greatest importance in 
sample counting is that of phosphorescence 
of the glass bottles themselves secondary to 
activation by ultraviolet light. This photo- 
activated phosphorescence in glass has a very 
slow decay time as compared to that of the 
organic phosphors. In practice, the exposure 
of a 5-dram bottle to sunlight for a few 
minutes will cause the empty bottle to yield 
several thousand “‘counts” per minute if it is 
immediately counted under conditions 
optimal for counting C1! in toluene. The 
apparent decay time of this type of phos- 
phorescence appears to be 2 to 3 min during 
the initial 5 min, but strongly photo-activated 
bottles show a secondary decay time of about 
an hour, so that they remain “active” for 
several days. Such activation of glass to 
fluoresce apparently requires short wave- 
lengths of light. It occurs, however, with 
daylight transmitted through window glass 


* 5-dram, crystallite vial, #A-3305. T. C. Wheaton Co., Millville, New Jersey. 
+ 5-dram, Opticlearvial, #7600, Kimble Glass, New York, New York. 


a | C sample | Blank 
| (c/m) (c/m) 
| | 
| 6590 | 115 
| 6570 | 86 
| 6450 | 78 
| 6250 | 55 
| 5970 | 36 
6190 | 53 
6400 | 46 
6480 | 32 | 
| | 
be 
957 


apart from sunlight, and may be very marked 
after exposure to conventional fluorescent 
lighting in laboratories. 

Photo-activation of sample bottles can 
readily be avoided by restricting all illumina- 
tion in a room to incandescent lighting of 
moderate intensity. If all manipulations of 
sample bottles from storage of the empty 
bottles through filling and counting of 
samples are done in such a room, no dif- 
ficulties will be encountered. No such 
precautions apply to the counting solutions 
per se, because their decay time following 
photo-activation is a matter of millimicro- 
seconds. The present authors suspect that 
much of the “adaptation” and “cooling” 
referred to in the literature as being necessary 
prior to counting liquid-scintillation samples 
is occasioned by inadvertent photo-activation 
of the sample bottles. A convenient test for 
the presence of marked photo-activation in 
a sample is its apparent decay in activity 
(c/m) within a few minutes or its dispropor- 
tionately high counting rate when counted 
by a single channel of photomultiplier, i.e. 
no coincidence circuit. In this latter test, a 
bona fide sample giving 2000 c/m due to C14 
would cause a like increment to the blank 
single-channel rate of, for example, 50,000 
c/m; if the observed 2000 c/m were due to 
photo-activated glass, the single-channel rate 
would be in the hundreds-of-thousands range. 

Other features of the relationship of the 
sample to the counting equipment are the 
positioning of the sample bottle with relation 
to the photomultiplier tubes and the optical 
coupling. It has been proposed to reduce 
light-dark-current, i.e. counts due to one 
phototube seeing light flashes which may 
occur within the other, by mounting the 
tubes at right angles to each other. This is 
of little value, because for best efficiency of 
any coincidence circuit arrangement the 
light coupling between the tubes has to be 
maximal. Polished aluminum or titanium 
dioxide-coating is used to give a maximum 
reflectance to the entire sample chamber, and 
if this is as efficient as is desirable, the relative 
alignment of the phototubes becomes incon- 
sequential. In equipment with opposing 
photomultipliers and an aluminum chamber 
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the counting rate on a 5-dram vial, 25 mm in 
diameter, does not vary by over 1% for 
deviations as great as 2-3 mm in the center- 
ing of the vial in the chamber, which has a 
diameter of 56 mm. Improvement of optical 
coupling by means of fluid has been 
advocated. In this laboratory, Dow Corning 
Fluid 200 was used for this purpose, but then 
abandoned. Ifa highly polished aluminum 
chamber is used, the very slight gain achieved 
by using fluid is more than offset by the 
major problem of keeping the fluid optically 
clean, and by the minor annoyances of wet 
sample bottles and of leaking fluid. 

In the section on solvents some mention 
was made of the phenomenon of quenching. 
This may be defined as the attenuation of 
scintillation pulse heights due to a compound 
in the solution which serves to syphon off 
some of the energy from the ionizing radia- 
tion and cause its emission as heat rather 
than light.-?© In counting radioisotope 
samples, every sample substance becomes a 
solute in the liquid scintillator and therefore 
is potentially a quenching agent. At present 
it is only possible to indicate what has been 
the experience with a few compounds and 
from this make a few tenuous generalizations 
as to the types of chemical compounds that 
may be expected to count well or cause 
quenching. For a given compound which 
produces quenching, the amount of quench- 
ing increases with increasing concentration 
of the compound. Since most biochemical 
samples are counted at concentrations of 
1—2°% or less in the counting-sample solution, 
this is the range of concern with respect to 
quenching. 

In their studies of solvents, HAyEs e¢ al. 
reported that low concentrations of ketones, 
chloro- and bromobenzene, amines, and 
thiophene showed pronounced quenching. 
Recently, Hayes has added mercaptans 
and aldehydes to the list of “violent 
quenchers.”’>) In this laboratory, studies of 
candidate solvents have indicated that the 
heterocyclic nitrogen compounds including 
pyridine and n-methylmorpholine are strong 
quenching agents; this agrees with the data 
of Hayes e¢ al.“ on pyridine, piperidine, 
and 3-picoline. Phenol has been reported to 
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quench,®18) and this conforms with the 
observation that phenolic hydroxyl groups 
impaired the efficiency of candidate phosphor 
compounds.(1® By this same inference, 


bromo-, iodo-, and nitro-compounds may 
be expected to quench. RosENTHAL and 
ANGER‘?”) have reported that they observed 
quenching with as little as 0-03 ml of carbon 
tetrachloride in a 4-ml sample, but found no 
quenching with up to 15 mg/ml stearic acid 
or 5 mg/ml cholesterol. 


The primary interest in this laboratory has been 
in counting purines. In the course of various studies 
it has been found that benzoic acid, sodium acetate, 
guanine, and hypoxanthine do not quench in con- 
centrations up to 1%. Detailed studies have been 
made on purines, and in Fig. 2 are some of the 
findings for adenine. In these studies a constant 
amount of activity contained in about | wg of adenine- 
8-C14 was placed in each sample bottle and the effect 
of the indicated amounts of added purine upon the 
counting rate was determined. It is apparent in 
Fig. 2 that as little as 1 mg of adenine caused the loss 
of over 10°% of the counting rate when the counts 
were recorded at H.V. tap 8 through a 10—100-volt 
window, as would normally be done for greatest 
efficiency with C!4 in this solvent. An identical 
study employing the same | yg of adenine-8-C!4 as 
activity, but exploring the effects of added guanine, 
showed no quenching up to the level of 4 mg of 
guanine per 5ml. This difference between adenine 
and guanine was unexpected, but has been confirmed 
and the purity of the compounds employed has been 
verified by ultra-violet absorption spectra and paper 
chromatography in two different solvents. 

It is sometimes possible to count a compound that 
quenches by employing samples of limited concentra- 
tion and using particular counting conditions. Thus, 
adenine can be counted without concern for quench- 
ing by using less than 2 mg per 5-ml sample and 
counting at H.V. 9 through a 10-50-volt window. 
Since it is concentration that governs quenching, 
counting samples in an increased volume of solvent 
may suffice. 

The fact that quenching may occur requires that 
it be ruled out before any count on a sample is 
accepted as valid. This can be explored systematically 
for the compound, as was done in the case of the 
purines (Fig. 2). This, however, does not relieve one 
from concern over quenching in a specific sample. 
For example, hypoxanthine was investigated in 
this laboratory and a “‘safe” concentration range 
established. Subsequently, upon counting a sample 
of this compound isolated from a paper chromato- 


: 


Counts/min 


mg Adenine/SmlL 


Fic. 2. Quenching effect of adenine upon the 

counting rate of a fixed amount of C™ in Polyether- 

611 solvent as a function of photomultiplier H.V. and 

window size. H.V. taps 7, 8, and 9 represent voltages 

of 1110, 1180, and 1250 respectively. Each point 

represents the average of three samples in good 
agreement. 


gram, severe quenching was encountered despite a 
‘safe’? concentration. This proved to be due to a 
trace impurity derived from the chromatographic 
system. For this reason it is necessary to have a 
method of detecting the presence of a quencher in 
any given sample. The direct approach is to add a 
milliliter of solvent containing a known number of 
C4 counts of any convenient compound to the 
counted sample, recount it, and see that the second 
count shows the expected increment over the initial 
count. By this internal-standard technique an 
efficiency factor is established for the individual 
sample and the factor can be used to calculate a 
correction for slight quenching. In this laboratory, 
experience has been that if the correction is large it 
may not be valid. Another technique is to double 
the volume of the sample solution by adding more of 
the same phosphor-solvent mixture and count again. 
In the absence of quenching, the count rises only a 
little, due to the volume change and consequent 
increased background (Table 3). When a quencher 
is present, its concentration is cut in half and a 
significant rise in counts may result. Both of these 
tests involve sample manipulation and a second 
counting of each sample. Ifa dual-channel analyser 
with two scalers is available, it is possible in counting 
with a given solvent-phosphor-isotope system to set 
the three discriminators such that a small window 
(e.g. 10-40 volts) gives just half the counting rate of 
the desired large window (e.g. 10-100 volts). When 
the counts of such windows are simultaneously 
recorded on the two scalers, it is readily apparent if 
quenching attenuates pulse heights and causes a 
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change in the 2 : | ratio of the counting rates of the 
two windows. This affords a very simple though not 
especially sensitive test which is applicable to all 
samples containing only one radioisotope. 

One quenching agent that is ubiquitous is dissolved 
oxygen. Princie et reported that flushing 
scintillation solutions with nitrogen increased pulse 
heights by about 40°. This has been observed and 
studied by others.'4.25.29 Orr et report that 
they are now using argon as the flushing gas and keep 
an argon “blanket” over their large-volume counting 
chambers. The effect of oxygen depends on its 
concentration and therefore on temperature, altitude, 
and solvent. For small counting samples, it is 
technically difficult and probably impracticable to 
flush them and maintain them free of oxygen without 
any loss of sample activity in the process. 

In the section on solvents the insolubility of polar 
compounds in the efficient but nonpolar aromatic 
solvents was mentioned. Up to the present no really 
polar liquids have been found that are effective 
scintillation solvents. The best that can be done is to 
sacrifice a fraction of an efficient solvent system like 
toluene to incorporate compounds by means of their 
solubility in a miscible solvent of mediocre efficiency 
such as the polyethers or in a “diluter”’ solvent like 
ethanol. This technique has been used to count tritium 
water and some organic compounds. 13.27.35) Another 
method has been to count compounds as suspensions 
rather than solutions."2® Hayes has employed this 
successfully, but the technique does involve difficulties 
from self-absorption and settling of the suspensions. 
Somewhat along these lines we have done some 
counting of toluene-insoluble purines deposited as 
infinitely thin films inside counting bottles which were 
then filled with toluene-PPO mixture. This arrange- 
ment gives approximately 27 physical geometry of the 
sample and for Cl4 gave 41% absolute counting 
efficiency under conditions such as afforded 75% 
efficiency for a dissolved C!4 sample. This technique 
might be useful under certain circumstances, but it 
severely restricts the amount of sample that can be 
counted and presents the hazard of sample particles 
getting into suspension with a consequent unpre- 
dictable increase in counting efficiency. 


Recently Funr'%” has reported the use of 
gels to stabilize suspended sample material 
in aromatic hydrocarbon solvent systems. 
This technique would seem to offer a 
significant advantage over the simple sus- 
pensions'*®) which require successive counts 
on each sample to permit extrapolation of 
their unsedimented counting rates. 

Perhaps the best approach to counting 


toluene-insoluble compounds is to prepare 
readily made derivatives that are soluble. 
PassMAN, Rapin, and Cooper have devised 
a technique that they use for C14-carbonates 
and which should be applicable to most 
other compounds with anionic forms.'?)) 
By using the lyophilic quaternary ammonium 
base, p-di-isobutyl cresoxy ethoxy ethyl 
dimethyl benzyl ammonium hydroxide, they 
can fix CO, in a form readily soluble in 
toluene. In this laboratory this base was 
found capable of dissolving at least 10 mg of 
adenine, guanine, hypoxanthine, or xanthine 
per ml of the 0-5 M hydroxide in toluene. 
These purines remain in solution upon 
addition of 9ml toluene and cooling to 
—15°C. Such an 0-05 M_ quaternary 
ammonium salt solution in 10 ml toluene 
permitted counting C1!!-adenine with 55%, 
absolute efficiency, or 75°, as efficient as 
C!4-lipids in plain toluene-PPO. 

Toluene solubility is a bizarre property of 
certain metallic salts (Hg, Cd, Ca, K, etc.) 
of 2-ethylhexanoic acid. In this laboratory 
this commercially available acid was found 
to form salts with the more basic purines, 
and these were freely soluble in toluene. 
For example, 12 mg of adenine as the free 
base will dissolve in 1 ml of 2-ethylhexanoic 
acid at 0°C, and when this is added to 4 ml 
toluene with 0-6°% PPO, the mixture counts 
nearly as efficiently as a pure toluene 
solution. Adenine hydrochloride, guanine, 
and hypoxanthine do not form such salts. 
It seems probable that many of the stronger 
organic bases and inorganic cations, however, 
can be put into toluene in this manner. 

Two pitfalls in sample preparation are pH 
and color. Concerning pH, we have merely 
the observation that in our Polyether-611 
solvent mixture, samples 0-01 N with respect 
to HCl were quenched 10%, while 0-01 N 
NaOH was without effect. Simple neutrali- 
zation of the acid sample restored the 
counting rate. Regarding color, it is obvious 
that any optical density in the region of the 
phosphor’s emission spectrum will attenuate 
pulses. Unfortunately, nonspecific yellow 
discoloration is a common and _ variable 
occurrence in many preparations of organic 
compounds. This color is an ideal absorber 
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for the blue fluorescence of common 
phosphors. Intrinsically colored compounds 
are apt to be incapable of being counted in 
significant concentration, but if colors are 


COUNTING 


After the solvents, phosphors, and sample 
container have been selected, there remains 
the question of just how the counting sample 
should be counted with the electronic equip- 
ment available. This depends upon all of 
the above factors plus consideration of the 
energy of the radioisotope being counted 
and the level of its activity. 


The temperature at which the sample is counted 
is dictated by the freezing-point of the solvent and 
the high voltage required on the photomultipliers. 
Due to the variability of counting efficiency with the 
types of crystals formed at different rates of freezing, 
the authors have found it impracticable to count 
frozen samples. The freezing-point of the solvent 
therefore sets a lower limit on the freezer-box 
temperature. This box temperature is apt to be 
several degrees colder than the sample chamber due 
to heating of the latter by the adjacent preamplifiers. 
Whether this maximum possible cooling is used or 
not will depend upon the voltage required on the 
photomultipliers. If the voltage need be relatively 
high, due to either a low-energy isotope or an 
inefficient solvent-phosphor system, maximum cooling 
is necessary for a low background counting rate. 

The relations of the thermionic noise rates to photo- 
multiplier voltage and sample-chamber temperature 
are given in Fig. 3. From this it is apparent, for 
example, that with these phototubes it would be 
impracticable to work at 18°C if H® were being 
counted at H.V. Tap 9. On the other hand, 18°C 
would be satisfactory for C!4 in toluene at tap 6 but 
rather noisy for the same C!* if the solvent were 
*‘Polyether-611”’ requiring tap 8-9. Whenever 
appreciable changes are made in the freezer tempera- 
ture setting, it must be remembered that the full 
influence of such a change upon photomultiplier 
noise lags a number of hours behind the change in 
the temperature of the sainple chamber. This is 
because the internal elements of the photomultiplier 
tubes are effectively insulated against thermal changes 
by the high vacuum in the tubes. The curves shown 
in Fig. 3 will vary considerably with different photo- 
multipliers, amplifiers, and coincidence circuits, but 
should be qualitatively representative of the usual 
relationships. 

The selection of phototube voltage (or amplifier 
gain) and discriminator settings varies in part with 


not too intense it may be possible to 
standardize procedures and apply correction 
factors for the optical densities of the 
samples. 


OPERATION 


the specific counting problem. The lowest dis- 
criminator (gate) is set at a value which yields the 
greatest rejection of low-pulse-height noise without 
too great a loss of true counts. In practice, this can 
be experimentally determined using an intermediate 
level of the high voltage on the photomultipliers. 
The bulk of the noise will disappear at a value of, 
e.g., 4-10 volts for the a discriminator, and this can 
then be employed for all high-voltage settings. The 
settings for upper-gate discriminators and for high 
voltage are best determined from data such as appears 
in Fig. 4 for the particular type of sample (isotope, 
solvent, and phosphor) to be counted. This data is 
experimentally determined by counting a fairly active 
sample through successive 5- or 10-volt windows 
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Fic. 3. The effect of temperature upon the back- 
ground counting rate at various levels of photo- 
multiplier high voltage using a 10—-100-volt window. 
This “background” is with no sample bottle and 
represents accidentals, light-dark current, and 
phosphorescence in the photomultiplier tube glass. 
H.V. taps 7-11 represent voltages 1110-1390 in 
70-volt steps. 
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Fic. 4. Frequency distribution of C4 pulse heights in Polyether-611 solvent at various levels of photo- 
multiplier high voltage. The counting rates of the 44,400-d/m sample were recorded through 
successive 5-volt windows throughout the 0-100-volt range of the discriminators for high voltages of 
1040-1320 in 70-volt steps designated taps 6-10 respectively. The dotted line marked BG represents 
the counts from a corresponding blank sample at H.V. Tap 8. 


throughout the range of the discriminators at various 
levels of high voltage. 

Generally, the optimum counting conditions are 
given by the particular high-voltage curve which has 
the greatest area under it in a window bounded 
below by the lowest discriminator voltage consistent 
with practicable noise levels, and above by that 
discriminator voltage beyond which the sample counts 
are insignificant as compared to the background 
counts. If such lower- and upper-gate voltages are 
further selected so that the ratio of the sample counts 
through 5- or 10-volt windows at the two gates are 
the same as the ratio of the gate voltages to each other, 
the condition of balance-point operation obtains.‘ 
The virtue of this is that it affords the maximum 
stability with respect to many of the factors which 
may alter the counting rate of a sample. This is 
because anything altering the pulse heights from the 
sample causes a shift of the entire pulse spectrum 
relative to the window. When this occurs under 
balance-point operation, the counts moved out of the 
window at one gate are compensated, over a limited 
range, by an equal number of counts moved into 
the window across the other gate. This compensation 
applies to the effects of optical attenuation (e.g. 
variation of sample bottle walls, color in sample), 


quenching, and variation in amplification of pulses 
occurring in either the photomultipliers or the 
amplifiers. In the example given in Fig. 4 balance- 
point operation would be obtained at high-voltage 
tap “8” with a window of 10-100 volts. With some 
samples it may be advantageous to use a smaller 
window, with consequent lower absolute efficiency 
but an improvement of the ratio of sample-counting 
rate to blank-counting rate due to elimination of high 
ratios of noise to sample at the lower gate and/or 
radiation background to sample at the upper gate. 
When the sample contains two different radio- 
isotopes, a dual-channel analyser may permit counting 
the two isotopes simultaneously if their beta-energy 
spectra are sufficiently different. In this case the 
three discriminators define two windows which are 
set so that maximally differing ratios of counts from 
the two isotopes are recorded for the two windows. 
Once the ratios are experimentally determined, one 
dual-channel count on a mixed sample affords data 
which permit calculation of the counting rates of the 
two isotopes. In this type of operation a nonover- 
loading circuit is necessary to avoid the blocking of 
counts by the excessive amplification of high-energy 
pulses from the more energetic isotope. This difficulty 
was encountered in this laboratory when attempts 
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were made to count P3? (1-7 MeV) and C!# (0-15 
MeV) in the same sample with amplifiers which over- 
loaded. When nonoverloading amplifiers were sub- 
sequently used, these two isotopes could be counted 
in the presence of one another, but P33 with 0:27 MeV 
then became apparent. P%3 is present to the extent 
of about 1% of freshly pile-produced radio-phosphorus 
and by virtue of its half-life being nearly twice that 
of P82 it becomes a progressively larger fraction 
of radio-phosphorus as a preparation ages. 

From the foregoing it is apparent that it is irrational 
to cite any absolute counting-efficiency value for this 
type of counting without defining the conditions of 
operation, including the corresponding _ blank- 
counting rate. By using high amplification and a 
wide window, e.g. 10-infinity, it is possible to approach 
100% efficiency for C! in toluene, but only with a 
blank-counting rate of several hundred counts per 
minute. In practice, it is generally preferable to 
sacrifice some efficiency to gain a major reduction of 
blank by employing a smaller window and lower 
high-voltage (e.g. 10-60-volt window, H.V. tap 6, 
64% efficiency, and a blank rate of 27 c/m). 

There are a number of purely practical points 
about the operation of this type of counter that have 
arisen in experience with it in this laboratory during 
the past year. It seems preferable to leave the 
electronic components in operation all of the time if 
the equipment is to be used daily or nearly so. This 
commits one to a schedule of tube replacements, but 
minimizes other types of more expensive and recondite 
breakdowns. If glow-transfer counter tubes such as 
the Dekatron GCI1OB are employed, the fifth and 
higher stages may freeze on ‘O’ if low-counting, 
routine samples fail to operate these higher stages 
for periods of weeks. This can be avoided by allowing 
the equipment to scale continuously during stand-by 
periods or by interchanging the tubes periodically. 

The authors’ experience has been with Dumont- 
6292 photomultipliers, which show certain variations 
from one to another and certain general peculiarities. 
Different tubes of this designation have been reported 
to differ in their spectral response characteristics 
from S-4 to S-9 in type.{?® Bett and Davis have 


reported that these tubes show variation in their 
amplification factors with the counting rate. They 
observed as much as a 20% increase in pulse height 
with the change in counting rate from 10 c/s to 10,000 
c/s, and report that part of this effect may persist for 
even days following return to a low counting rate. 
One pair of 6292’s in this laboratory showed per- 
sistence of a high noise level for 5 min at lower applied 
voltages (1250 V) following each exposure to rela- 
tively high voltage (1390 V). This resulted in the 
recording of anomalously high blank-counting rates 
when studying this rate as a function of the photo- 
multiplier voltage with consecutive counts at 
decreasing voltages. A tendency has also been 
noticed for the tubes to be abnormally noisy for a 
few minutes after the high voltage has just been 
turned on. PRINGLE al.'3) have noted something 
like this and report that tubes become noisy if left 
with the high voltage off. 

The vulnerability of photomultiplier photocathodes 
to bright light and heat is well known. In the authors’ 
experience, however, brief exposure to extremely dim 
room-light has not seemed to leave any residual effect, 
so that it has been possible to remove the optical 
shutter and clean the phototube faces without delaying 
operations. Cooling of sample bottles prior to 
counting has been unnecessary. The 25-mm-diameter 
bottles at room temperature are routinely placed in 
the 56-mm-diameter sample well of the counter at 
+3°C, and no change in the observed counting rates 
of either active samples or solvent blanks results in 
the course of an hour. 

Several external factors have been found to 
influence counting. External sources of gamma 
radiation will produce counts in the liquid-scintillation 
counter even in the absence of any phosphor in the 
counter. This may be due to a combination of direct 
action to release electrons in the photomultipliers and 
the excitation of fluorescence in the glass of tubes. '3%) 
Another hazard is noise in the electrical supply to 
the counting equipment. Unless special line filters 
are employed, the operation of any sparking electrical 
equipment on electrical lines supplying the counter 
may produce “counts.” 


CONCLUSIONS 


In general, liquid-scintillation counting of 
radioactive samples is a useful new technique. 
It is by no means the panacea for all counting 


problems. In this paper its pitfalls and 
problems have been purposely emphasized 
and discussed in detail. Similar emphasis 
should be given to its certain definite 
advantages over most other methods. Fore- 


2 


most among these advantages are its excellent 
sensitivity for very weak beta emitters, its 
high precision, its high absolute efficiency 
for large amounts of sample, and its great 
ease of sample preparation. These features 
make it appear to be the method choice, for 
example, for most tritium counting, for Cl 
and S* counting when material is of low 
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specific activity, for any application where 
the number of samples places a premium on 
ease of counting sample preparation, and for 
the problem of volatile samples which cannot 


be plated per se and also may be difficult to 
combust. It is thus necessary to evaluate 
liquid-scintillation counting specifically for 
any particular counting application. 
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Measurement of Transference Numbers 
in Molten Oxide Mixtures 


V. I. MALKIN, S. F. KHOKHLOV, and L. A. SHVARTSMAN* 


Artificial radioactive isotopes have been used to determine the relative mobility of cations 
in molten oxide mixtures. A method of measuring cation transference numbers has been 
worked out, based on the determination of small changes of concentration in the anolyte. 
It has been found that in CaO-P,O,; and Na,O-2SiO, melts the electric current is transferred 
exclusively by cations. In a Na,O-CaO-4SiO, melt the current is also transferred only by 
cations. The sodium ion mobility in this melt is approximately twice as high as that of the 
calcium ion. In melts of the CaO*Al,O,°SiO, system the calcium transference number 
decreases with the increase of the Al,O,/CaO concentration ratio, which shows that such 
melts contain aluminium in the cation form. 


MESURE DES NOMBRES DE TRANSPORT DANS LES MELANGES 
D’OXYDES FONDUS 


On a utilisé les isotopes radioactifs artificiels pour la détermination des mobilités relatives 
des cations dans les mélanges d’oxydes fondus. Une méthode de mesure des nombres de 
transport cationiques a été élaborée sur la base de la détermination des faibles variations de 
concentration dans l’anolyte. On a trouvé que dans CaO-P,O; et Na,O-2SiO, fondus le 
courant électrique est transporté uniquement par les cations. Dans Na,O-CaO-4SiO, fondu 
le courant est aussi transporté seulement par les cations. La mobilité de l’ion sodium dans ce 
mélange est environ deux fois égale a celle de l’ion calcium. Dans le systeme CaO-Al,O,-SiO, 


fondu le nombre de transport du calcium décroit quand la concentration relative Al,O,/CaO 
croit, ce qui montre l’existence, dans un tel mélange fondu, d’aluminium sous forme cationique. 


I3MEPEHHE WEPEHOCA B CMECAX ORIICIOB 


KaTHOHOB B CMeCAHX OKUCIOB. Paspadorana 
W3MepeHHA MepeHoCa KaTMOHOB, OCHOBAaHHaA Ha 
B Haiigqeno, uro B pacnaapax CaO-P,O; u Na,O-2SiO, 
yecKiii TOK MepeHOCHTCA KaTHOHamMM. B pacnaase Na.O-CaO-4SiO, 
MepeHocuTcA TOIbKO KaTMOoHamu. HaTpuA B pacriiaBe 
B Ba pasa MpeBblilaeT B cucreMbl 
CaO-Al.O,’SiO, ¢ OTHOIMeHUA Al,O, CaO magaer 
TlepeHoca YTO CBMeTeIbCTBYeT O B TAaKMX paciiiabaX B 
KaTHOHHOli 


MESSUNG DER UEBERFUHRUNGSZAHLEN IN 
GESCHMOLZENEN OXYDGEMISCHEN 


Radioaktive Isotope wurden zur Bestimmung der relativen Beweglichkeit von Kationen in 
geschmolzenen Oxydgemischen verwendet. Es wurde eine Methode zur Messung der 
Kationen-Ueberfiihrungszahlen ausgearbeitet, welche auf der Bestimmung kleiner Konzen- 
trationsanderungen im Anolythen beruht. Es wurde gefunden, dass im CaO-P,O,- und 
in NagO-2SiO,-Schmelzen der Transport der elektrischen Ladung ausschliesslich durch 
Kationenbewegung vorsichgeht. Auch in einer NagO*CaO-4SiO,-Schmelze wird die Ladung 
nur durch Kationen transportiert. Die Beweglichkeit des Na-Ions in dieser Schmelze ist 
ungefahr 2 mal so gross als die des Ca-Ions. Im Schmelzen des CaO-Al,0,-SiO, Systems 
nimmt die Ueberfiihrungszahl des Ca im gleichen Verhaltnis ab, in dem die Konzentration 
von Al,O,/CaO steigt, woraus geschlossen werden kann, dass solche Schmelzen Al in 
Kationenform enthalten. 


* Institute of Metallography and Physics of Metals of the Central Iron and Steel Research Institute, Moscow. 
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Tue study of physicochemical properties 
of molten oxide mixtures is of interest for 
the theory of metallurgical processes, geo- 
chemistry, glass and ceramic production. 

As has been shown in recent years 
investigations, these systems are character- 
ized by predomination of the ionic bond. 

Essential evidence on the structure of 
oxide melts and the properties of their com- 
ponent ions may be obtained by measuring 
transference numbers. 

Such investigations involve great experi- 
mental difficulties connected with the vigor- 
ous interaction of melts with the walls of the 
electrolytic cell. The determination of the 
number of gram-equivalents in an ion trans- 
ferred by the current is also a difficult 
problem, as it implies the necessity of 
knowing the separate anolyte and catholyte 
weights before and after the experiment. 

Some investigators" *) solved this problem 
by using diaphragm-type separation devices 
when measuring transference numbers in 
molten chlorides. However, such devices 


give distorted results due to electro-osmotic 


phenomena. In the case of molten oxides 
the diaphragms are inadequate also on 
account of lack of porous material which 
does not react with the melt. 

BarMAKov and_ co-workers‘: 4; 5) deter- 
mined transference numbers in chlorides 
by means of complex configuration vessels 
without separation devices. The complex 
configuration prevented convect intermixing 
of the catholyte and anolyte. To determine 
the weight of the catholyte and anolyte 
before the experiment, it was necessary to 
know the dependence of the melt density 
on its composition and temperature, which 
essentially limits the possibilities of this 
method. 

J. Bocxris et al.'® have measured the 
transference numbers in potassium and 
lithium silicates, using an alundum vessel 
consisting of a cathode and an anode cell 
connected by an aluminium bridge coated 
with the melt. They supposed that K and 
Li liberated on the cathode completely 
evaporate and that their transference num- 
bers equal unity. Since the K and Li ion 
concentration remains unchanged in the 


course of the experiment, they came to the 
conclusion that their supposition was 
justified. 

M. Smnap have measured the 
transference number of Fet++ in the FeO-SiO, 
system, using for an anode an iron cup 
containing the melt. The iron cathode set 
in a quartz tube was submerged in the melt. 
Thus the melt in the quartz tube acted as 
a catholyte. Since at the passing of an 
electric current the weight of the iron anode 
diminished in accordance with the Faraday 
law, with no noticeable change in the com- 
position of the slag, the authors concluded 
that the transference number of Fe** was 
unity. 

Besides theoretical conceptions, the few 
above-mentioned investigations the 
measurement of transference numbers in 
silicate melts with one cation indicate that 
cations are the most mobile particles in 
such systems. 

The object of the present work was to 
devise a more general method of measuring 
cation transference numbers in molten 
oxides, a method allowing to evaluate the 
mobility of various cations when present 
together. 

The idea of this method consists in 
measuring small changes of cation con- 
centration in the anolyte. Such measure- 
ments can be carried out with sufficient 
accuracy by means of radioactive isotopes. 

The electrolysis of such molten oxides as 
silicates, borates, and phosphates is known 
to be accompanied by changes in the anolyte 
composition. Oxygen liberated on the anode 
and the cation migrating to the cathode 
leave the anolyte. Thus when the current 
is passed through the melt, the metal oxide 
concentration in the anolyte diminishes. 
Concentration changes in the catholyte are 
more complex, as the liberated metal may 
evaporate as well as interact with the cathode 
and the melt reducing the oxides that are 
present in it, whereas in the anolyte con- 
centration changes may be simply associated 
with ion migration, provided the anode does 
not interact with the melt nor with the 
oxygen, or if the interaction products are 
gases. Accordingly, the experiments were 
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Fic. 1. Electrolytic cell. 


conducted as follows. A powder, prepared 
from a previously molten mixture of oxides 
with an evenly distributed radioactive isotope 
was put into an electrolytic cell consisting 
of a large crucible and two smaller ones 
placed into it. The walls of both small 
crucibles were filed down near the bottom 
to about 43-mm thickness and a_ hole 
1-14 mm in diameter was bored in them. 
These holes served to effect an electric bond 
between the melts in the small crucibles, 
acting as catholyte and anolyte, and the 
melt in the large crucible, acting as the 
mean space. The arrangement of the cell 
is shown in Fig. 1. After melting and 
ageing the mixture in a liquid state, pure 
carbon electrodes used in spectral analysis 
were placed in the cathode and anode 
spaces, and a direct current was passed 
through the melt. The amount of electricity 
passed was determined by means of a copper 
coulometer. Usually it was about 0-02 F. 
After switching off the current, the melt 
was frozen, the crucibles were broken, 
and the contents of each section of the 
electrolytic cell weighed. The mixture was 
then crushed and sieved, and the radio- 
activity of the respective powders was 
measured. For the success of the experiment 
it was necessary that the melt should not 
react with the material of the crucible and 
should not appreciably wet it. In this case 
the contents of the crucible can be separated 


from its walls easily enough after the melt 
solidifies. 

This arrangement of the electrolytic cell 
had the following advantages. Firstly, 
electro-osmotic phenomena played no part 
in such a cell. Secondly, the concentration 
change areas in the melts were considerably 
removed from each other, being only in 
direct proximity of the electrodes. Besides, 
the concentration change areas were at a 
considerable distance from the small crucible 
holes linking the anolyte and the catholyte 
with the mean space, since the electrodes 
were not deeply submerged in the melts. 
This precluded the possibility of errors 
connected with electrolyte exchange between 
different sections of the cell due _ to 
convection. 

Owing to the fact that very small amounts 
of electricity were passed through the melt, 
the changes of concentration and corre- 
spondingly of densities were also very small. 
Calculations show that in the most un- 
favourable case the change in the melt 
level due to electrolysis was 0-4 mm. It is 
therefore clear that for relatively viscous 
melts used in the experiments such a 
difference in levels cannot cause a noticeable 
flow of electrolyte from one section into the 
other. Thus, the change of the anolyte 
weight in electrolysis was entirely due to 
an electrochemical process. 

An equation for determining the trans- 
ference number under experiment conditions 
may be obtained as follows. 


Let 

G, = anolyte weight in grams before the 
experiment. 

G,= anolyte weight in grams after 
experiment. 

P = weight fraction of the cation in the 
melt before the experiment. 

A, = gram-equivalent weight of the given 
cation. 

I, = initial radioactivity of the melt. 

I, = radioactivity of the anolyte after the 
experiment. 

K = amount of electricity passed through 
the melt in faradays. 

x = cation transference number. 
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Then 
PG; = quantity of cation in the anolyte 
in grams before the experiment. 
PG, — KA,x = quantity of cation in grams 
after the experiment. 


PG, — KA, 
weight concentration in the 
f anolyte after the experiment. 
Obviously 
G, 
Solving this equation relative to x, we 
obtain 


Since G, = G, + AG,, where AG, is the loss 
of the anolyte weight in electrolysis 


PG, 


This equation was used to determine the 
transference number of the calcium ion in 
the CaO-P,O; melt and of the sodium ion 
in the Na,O-2SiO, melt. 


Assuming that the phosphorous oxygen 
and the silicon-oxygen complexes formed 
in these melts are of low mobility, AG, 
may be expressed by the following equation: 


AG, = A, Kx + A,K — A,K(1 — x) 
= K(A; + (2) 


where A, is the oxygen gram-equivalent 
weight. 

Simultaneous solution of equations (1) 
and (2) allows to find x. Radioactive 
isotopes Ca*> and Na! were used in these 
experiments. 7’; and J, were determined 
by measurements from data of experiments 
with powders. The radioactivity of powders 
containing Ca* was determined by the thick- 
layer method by means ofa mica end-window 
counter. The radioactivity of the powders 
containing Na*4 was measured from constant- 
weight data on an aluminium body counter. 
The half-life of Na? being short (15-1 hours), 
a correction was made in respective measure- 
ments of radioactivity, permitting the reduc- 
tion of the rate of counting of all samples to the 
time of beginning the first sample counting. 


TABLE | 
Amount of Initial Anolyte Anolyte Catt 
Experiment _ electricity passed, radioactivity radioactivity weight transference 
in faradays I, (imp/min) I, (imp/min) G, ing number 
] 0-0194 892 831 23-40 1-06 
2 0-0244 3154 2997 39-40 1-04 
3 0-0169 3009 2912 43-20 1-06 
+ 0-0160 1656 1594 33-35 1-02 
TABLE 2 
Amount of Initial Anolyte Anolyte Nat 
Experiment _ electricity passed, radioactivity radioactivity weight transference 
in faradays _ J; (imp/min) | I, (imp/min) | G, ing number 
1 0-0282 4106 3978 | 52-80 0-98 
2 0-0118 4194 4135 46-50 0-95 
3 0-0239 | 3862 3769 58-05 0-99 
+ 0-0198 4809 | 4692 50-40 1-02 
5 0-0186 5146 5046 57-40 1-00 
6 0-0179 2612 2551 50-25 1-06 
7 0-0152 2351 2269 27-20 1-03 
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Results of experiments with the CaO-P,O, 
melt are given in Table 1, and with the 
Na,O-2SiO, melt in Table 2. The experi- 
ments were made in alundum crucibles at 
1000°C. 

As was to be expected, these experiments 
show that in binary systems consisting of 
one basic and one acid oxide the cation 
transference number is near to unity. This 
result itself already indicates the possiblity 
of determining the transference number of 
cations by means of equation (1). 

It was interesting to verify additionally 
the applicability of equation (1) in the case 
of acid melts containing two cations. A 
CaO-Na,0-48i0, melt was chosen for this 
purpose. Radioactive isotopes Ca*® and 
Na*4 were used in the experiments. The 
ratio of irradiation energies and half-lives of 
these isotopes was such that it was possible 
to separately determine the radioactivity 
of calcium and sodium present together in 
the powders. First, the radioactivity due 
to the presence of sodium emitting high- 
energy gamma-quanta and electrons was 
determined by means of the aluminium body 
counter. In a week, when practically all Na*4 
atoms had decayed, the rate of counting 
of Ca* present in the same powder was 
measured on the mica end-window counter. 

In the case of the CaO-Na,O-4Si0, melt, 
equation (1) for transference numbers of 
sodium and calcium ions becomes: 


Na 


*Na G, 
I, Ca G, 


| 


(4) 


These equations may be solved in two 
ways: 

1. Assuming that xy, + xc, = 1, one 
can exclude item AG,/G, from (3) and (4) 
and determine the transference number of 
one of the cations, xy, for example. This 
excludes errors caused by change in the 
anolyte weight in the course of the experi- 
ment. 

2. However, on assumption that the 
cations leaving the anolyte and the oxygen 
liberated on the anode are responsible for 
the change in the anolyte weight in the 
course of electrolysis, the system of equations 
(3) and (4) can be solved by substitution: 


AG, K (Ayana AcaXca Ay) (5) 


Table 3 gives the results of experiments 
on measuring transference numbers in a 
melt. The experiments 
were made in alundum crucibles at 1150°C. 

As can be seen from the table, the values 
of xy, calculated on base of two different 
but not contradictory assumptions are in 
satisfactory agreement. This is a good proof 
of the applicability of the described method 
for the determination of cation transference 
numbers in molten oxide mixtures. xy, + 
Xcq being near to unity, as has been found 
in experiments with the CaO-Na,O-SiO, 
melt, it may be concluded that in such 
melts electricity is transferred exclusively by 
cations. 

It is interesting from the theoretical point 
of view that the sodium ion whose radius 
closely approaches that of the calcium ion 
is much more mobile than the latter. This 
can apparently be explained by the sodium- 
ion charge being two times smaller than 


TABLE 3 


= KAca 
| 


Ex- Amount of Ina lca | 


peri- | electricity, | (Simin | (imp/min 
ment in faradays (imp/ 


0-01947 1732 
0-02016 
0-01765 


0-01671 


Ca 
(imp/min) | (imp/min) 


| 


| | *Na on 
G,ing assump- 
tion] | 


*Na on 
assump- 
tion 2 


XCa on 
assump- 
tion 2 


2653 25-05 
1410 32-00 
2103 44-40 
1992 | 34:35 


| 
| 


0-69 
0-70 
0-71 
0-70 


ILe 
2 
957 
1 | | 0-66 0:33 
2 0:72 0:37 
3 | 0:72 0-35 
4 | | | 4121 | 2021 | 3931 | 0:71 0:34 
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TABLE 4 
Melt | | | | 
composition| Experiment | Gy; | K | I; I, | 
1 | 15-65 | oo16s2 | 2201 | 2067 | O68 | 
2 | 13-55 0-01000 1106 1061 | 066 | 
A | | 0-66 
3 7-45 0-01080 1122 103066 
4 11-10 0-00930 1906 818 063 
1 10250-01218 2621 2512 | 047 | 
1200 0007622425 2381 
B | | | 0-44 
3 12-05 | 0-00808 2223 
1 19:35 1619 1575 | 0-89 | 
| 0-89 
2 27:05 2567 2527 | ~—0-89 


that of the calcium ion. Thus, this method 
opens up possibilities for studying the relation 
between the dimensions and charges of 
cations and their mobility in oxide melts. 

The fact that the cation is the exclusive 
transfer agent, as has been discovered in 
this work, allows to evaluate the transference 
number of one of the cations in a_ two- 
cation system by measuring the transference 
number of the other cation. This has been 
used for judging of the presence of aluminium 
in the cation form in the CaO-Al,O,-SiO, 
melt, which is of interest for ascertaining 
the amphotericity of alumina in silicate 
melts. 

Experiments were made with melts of 
three compositions at 1550°C in zirconium 
oxide crucibles. The slag compositions were 
as shown in Table 5. 

The calcium ion transference number 
was measured by means of the Ca*® isotope. 
Results of these measurements are given in 
Table 4. The transference numbers were 
calculated by means of equation (1), and 
AG, was determined on assumption that 


the change of the anolyte weight is due to 
migration of cations to the cathode and the 
liberation of oxygen on the anode. 

Table 4 shows that the Ca++ transference 
number is near to unity when the calcium 
oxide content is high (slag C), which is in 
agreement with the results of measurement 
of the CaO-SiO, binary system. With the 
increase of Al,O, : CaO concentration ratio, 
the calcium-ion transference number de- 
creases. This shows that the melt contains 
the Al*+++ cation competing with the Ca*+ 
cation in transferring the current through 
the slag. 


TABLE 5 
| CaO Al,O, | SiO, 
45-0 
c. |. ee 180 45-0 


CONCLUSIONS 


1. A method has been worked out for 
measuring the transference numbers of 
cations in molten oxide mixtures, based on 
the use of radioactive isotopes. 


2. Transference numbers of sodium and 
calcium ions have been measured in melts 
CaO-P,O,, Na,O-2SiO,, Na,O-CaO-4SiO, 
and CaO-Al,O,-SiO,. 
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The effect of ionizing radiation on an unsaturated polyester resin is described. With suffi- 
cient radiation the liquid resin is converted by polymerization to a hard thermoset material 
without the necessity of applying external heat treatment or the prior addition of a catalyst. 
The changes induced in typical physical properties by progressively increasing amounts of 
radiation are described and it is shown that beyond a certain radiation dose no further changes 
occur. The properties at this point are comparable to those resulting when the resin is set by a 
normal catalytic technique. At lower radiation doses, some changes in properties have been 
observed after irradiation, but the properties do not attain the values resulting directly from the 
higher doses where this ageing effect is not apparent. 


L°TRRADIATION DE RESINES POLYESTERS INSATUREES 


On décrit l’effet des rayonnements ionisants sur une résine polyester insaturée. Avec une 
dose suffisante la résine liquide se transforme par polymérisation en un matériau dur et réfrac- 
taire sans qu’il soit nécessaire de lui appliquer un traitement externe par la chaleur ni de lui 
additionner préalablement un catalyseur. On décrit les variations produites dans des pro- 
priétés physiques typiques par une élévation progressive de la dose administrée et on montre 
qu’au dela d’une certaine dose de rayonnement on n’observe plus de changements. Les 
propriétés sont alors comparables a celles qui résulteraient de la fixation de la résine par une 
technique catalytique normale. A doses plus faibles on a observé des modifications des pro- 
priétés aprés irradiation, mais les propriétés n’atteignent pas les valeurs obtenues directement 
par l’administration des doses plus élevées ou: cet effet durable n’apparait pas. 


OB-TYUEHHE CMO.T 

TBepAbii MaTepuad, 6e3 HeCOXOMMOCTH BHeMIHerO HarpeBa mpeqBapute- 
IbHOrO XapakTepHble U3MeHeCHIA CBOLCTB 
CMOJIbI IPM TOCTeMeHHOM 03 OOYYeHMA WOKa3aHO, HAYMHAaA C HEKOTOPO!i 
CpaBHUMBI CO CMOJbI, HOPMaJbHOM 
IIpu HUBKUX Had HEKOTOPble U3MeCHeCHMA CBOLCTB MOCIe 
HO OHM He 3HAYeHMi KaK U3MeHeHHA, B 3bIBAaeMbIe 


DIE BESTRAHLUNG VON UNGESATTIGTEN POLYESTERHARZEN 


Die Wirkung ionisierender Strahlung auf ungesattigte Polyesterharze wird beschrieben. 
Durch geniigend grosse Strahlungsmengen wird das fliissige Harz durch Polymerisation in 
hartes, warmebestandiges Material umgewandelt, wobei keine Warmezufuhr von aussen 
oder vorherige Zugabe eines Katalysators nétig ist. Es werden die Veranderungen der 
typischen physikalischen Eigenschaften beschrieben, welche durch das Anwachsen der 
Strahlendosis hervorgerafen werden und es wird gezeigt, dass von einer bestimmten Dosis 
ab keine weiteren Veranderungen mehr auftreten. Die Eigenschaften in diesem Zustand sind 
vergleichbar mit denen, die dann erreicht werden, wenn das Harz durch normale Kataly- 
satortechnik formiert wird. Bei niedrigeren Strahlendosen sind nach Beendigung der 
Bestrahlung noch Veranderungen (Alterungserscheinungen) des Materials festzustellen, 
welche jedoch nicht an jene Werte heranreichen, die direkt durch Bestrahlung mit hohen 
Dosen erzielt werden kénnen. Hoch bestrahltes Material zeigt diese Alterungseffekte nicht mehr. 
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The irradiation of unsaturated polyester resins 


INTRODUCTION 


THE term “polyester resin” is loosely applied 
to a solution of an unsaturated polyester in a 
vinyl monomer. The polyester is a con- 
densation product of one or more dibasic 
acids with one or more dihydric alcohols, 
with the unsaturation usually incorporated 
by selecting maleic acid as one of the acid 
components. The vinyl monomer most 
commonly employed is styrene. In _ the 
presence of a free radical catalyst the resins 
polymerize (cure) by a copolymerization 
mechanism involving the vinyl monomer and 
the unsaturated sites in the polyester to 
yield a crosslinked three-dimensional struc- 
ture. By making an appropriate choice of 
acid, glycol and the amount and type of 
vinyl monomer, it is possible to prepare 
resins giving a range of properties from 
strong rigid casts to tough flexible ones. 
Cure is accomplished without the evolution 
of any volatile by-products and at low or 
zero applied pressure. Polyester resins find 


their widest applications when used in 
conjunction with  glass-fibre reinforcing 
agents; the resulting structures are character- 
ized by a high strength-to-weight ratio, high 
impact strength and non-corrosive properties. 

It is the object of this report to show that a 
polyester can be cured by _ high-energy 
radiation, and that properties comparable 
to those resulting from a_ conventional 
curing process can be obtained. A wide 
variety of commercial resins is available but 
their formulations are not divulged by the 
manufacturers. In this work it was felt 
desirable to obtain results from a polyester 
of known constitution, the preparation of 
which is given below. In the instances 
where other resins are mentioned, they are 
given their usual manufacturer’s coding. 
Irradiations were carried out by passing the 
sample through a beam of high-speed 
electrons produced by a 2 MeV Van de 
Graaff linear accelerator. 


EXPERIMENTAL 


Preparation of the polyester resin 


3:33 gram moles of maleic anhydride, 3-33 gram 
moles of phthalic anhydride and 6-99 gram moles of 
ethylene glycol, all of commercial grade, were heated 
together in a three necked flask at a temperature of 
approximately 170°C. The mixture was. stirred 
throughout the course of the reaction and a stream 
of nitrogen bubbled through the melt. The aqueous 
distillate was condensed and collected. When the 
acid number had fallen below 50 the mixture was 
allowed to cool and to conform with common com- 
mercial practice 0-01°% of an inhibitor (p. tert. butyl 
catechol) was added. The final acid number was 46-7 
corresponding to a number average molecular 
weight of 890 and an average number of 2-60 ethyl- 
enic double bonds per polyester molecule. (This 
neglects any stoichiometric changes in the pro- 
portions of reactants due to volatilization etc., and 
the possible occurrence of side reactions such as 
cyclization and loss of unsaturation.” Styrene, 
which had been freshly distilled under reduced 
pressure to remove inhibitor, was blended with the 
polyester to give a solution containing 30% by 
weight of styrene. Comparison with suggested model 


preparations* + shows that the product is a reasonably 
typical formulation. 


Tensile strength measurements 


Samples of the resin were polymerized, in situ, in 
dumb-bell moulds; the radiation was given in units 
of 3 Mrads per pass through the electron beam, with 
intervals of approximately 30 seconds between passes. 
The moulds were of steel with a recessed dumb-bell 
shape having a centre section } inch thick, } inch 
wide and 1 inch in length, with enlarged grip ends 
giving an overall length of 3 inches. A removable 
back plate enabled the casts to be taken from the 
mould without damage. The cast specimens were 
tested on a Hounsfield tensometer, type W, applying 
a rate of strain of about 0-01 inches per minute. All 
tests were carried out at room temperature and 
classified in two series, viz. tensile properties as 
evaluated as soon as practically possible after irradia- 
tion (usually within 30 minutes) and properties of 
the specimens when they had stood at room tem- 
perature for a period exceeding a minimum of two 
days. (The selection of this interval is justified later.) 
Each figure quoted in the resultsin Table | is the mean 


* Composition and Utilization of Polyesters, Allied Chemical and Dye Corp. 
+ Notes on the manufacture of unsaturated Polyester Resins, Monsanto Chemicals Ltd. 
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TABLE | 
Catalyst 
Dose (Mrad) 3 | 6 | 9 12 (1% benzoyl 
peroxide) 
| 
Young’s modulus 1:0 + 0:3 7:8 + 0-8 8-4 + 0-7 10-1409 | 85 + 1-1 
Ib/sq. in. x 10-4 | 7-9 + 3-0 10-8 + 1-1 92+ 1-9 121416 | 
Tensile strength | A 2169 + 451 9727 + 341 9669 + 1508 | 11,696 + 396 © 7839 + 696 
Ib/sq. in. |B 6894 + 1518 9888 + 2398 9214 + 1357 | 10,172 + 1058 | 
°% elongation A 345458 15-3 + 1-9 11-7 4+ 1-4 11-8 +09 | 9-4 + 1-4 
at break B 12:9 + 6-6 9-0 + 2-6 9-5 + 2-6 8942-2 | 


A: Values within 30 minutes of irradiation. 
B: Values after ‘“‘ageing’’ (minimum of two days). 


from at least four specimens. To obtain results for 
comparative purposes on casts polymerized con- 
ventionally 2°, of a paste containing equal parts by 
weight of benzoyl peroxide and tricresyl phosphate 
was dissolved in the resin, and a curing cycle of 16 
hours at 60°C followed by | hour at 120°C employed. 


Young’s modulus (dynamic method) 


Sheets of the polyester, approximately 14 x 7 x 
0-25 cm were cast with radiation doses of 3 to 10 
Mrad inclusive. The radiation was given in units of 
1 Mrad per pass through the electron beam with 
approximately 30 seconds between passes. The 
moulds used were of the “cell” type, the lower side 
being of plate glass and the upper (i.e. that on which 
the radiation impinged) of dural, the two sides being 
separated by rubber spacers. To facilitate removal of 
the casts a 10% solution of polyvinyl alcohol was 
applied to the inner surfaces of the cell and allowed to 
dry off before clamping the assembly together and 


filling with resin. From each cast sheet a rectangular 
bar was cut; typical dimensions were 10 x 1 x 0-25 
cm. The bars were suspended horizontally from two 
cotton threads, one at each end. To one of the 
threads a sinusoidal vibration was applied from a 
Goodman’s V.47 vibrator driven by a Muirhead 
Decade Oscillator. The vibration of the bar was 
transmitted through the other thread and received by 
a gramophone pick-up, the voltage produced being 
shown on a cathode ray oscilloscope. The applied 
frequency was varied until the bar was set in resonance 
at its fundamental mode when a maximum signal was 
received on the oscilloscope. It was also possible to 
obtain the first and second harmonic vibrations. The 
modulus was calculated by considering the bar to be 
vibrating in a transverse (both ends free) mode from 
the equation. 

12 (frequency)? mass (length)® 

k2 width (thickness) 


where k is a constant having the values 3-56, 9-82 and 


Young’s modulus = 


TABLE 2 
| | Catalyst 
Dose: (Mrad:) S a 5 | 6 7 8 | 9 10 (1% benzoyl 
| peroxide) 
Dynamic modulus | | 
dynes per sq cm | 
x19 3-6 4-4 4-7 48 | 4-9 48 | 3-4* | 5:0 | 51 
| 
Hardness: 175 123 | 108 | 102 | 99 100 = 100 99 | 100 
units of penetration | 
10° inch. | 
Density 20°C. 12752  1-2776 11-2791  1-2810 _—:1-2801 1-2827* 1-2810 
°% soluble material 11-0 7:8 59 


155 | 5-4 5-0 48 | 


* Omitted in Fig. 2. 
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19-2 for the fundamental, first and second harmonic 
vibrations respectively. Since the natural frequency 
of vibration of the supporting threads was close to the 
fundamental resonant frequency, moduli based on 
this frequency were discounted. Results based on the 
first and second harmonic vibrations showed good 
agreement and those based on the former are given 
in Table 2. The modulus was also determined for a 
bar cut from a sheet set by catalyst, using the curing 
cycle already described. 


Hardness tests 


The bars referred to above were subjected to 
hardness tests using a Wallace Micro Indentation 
Tester; the instrument has been assessed as being 
suitable for determining the degree of cure of poly- 
ester resins.'2) A Vickers diamond indentor was used 
with a 1 gm contacting load and a 300 gram major 
load. An arbitrary loading time of 60 seconds was 
found to give convenient indentations. At least three 
determinations were made on each side of the 
specimen, and the average depth of indentation 
expressed in units of 10-° inch is shown in Table 2. 


Density determinations 


A flotation technique utilizing small segments 
(about 10 cubic mm) of the cast sheets was used to 
establish the dependence of density on curing dose. 
A stock solution of sucrose (Analar) of known con- 
centration was made up with distilled water at 20°C. 
From published tables* the specific gravity of such 
a solution was known so that a known dilution would 
give a solution of known specific gravity. 10 ml of the 
stock solution were pipetted into a beaker immersed 
in a thermostat bath controlled at 20°C. The 
specimen was placed in the solution and allowed to 
stand for 30 minutes. Distilled water was added 
dropwise from a burette while the beaker was gently 


shaken until the specimen began to sink slowly. 
The concentration of the solution was calculated and 
hence its specific gravity was known. This was taken 
to be the density of the specimen. The density of 
each specimen from the casts was established in this 
manner. The experiment was repeated and the 
virtually identical results indicated the reproduci- 
bility of the technique. 


Extraction experiments 


There are no established procedures for correlating 
the degree of cure of polyester resins with the amount 
of extractable material.‘ 4) The following method 
was developed and found to give such a correlation in 
the context of this work. Samples for extraction were 
produced by collecting the fine shavings produced 
when the cast sheets were rubbed on a coarse rasp; 
the fine powder produced at the same time was 
removed by shaking the material on a 60 mesh sieve. 
About | gram of the shavings was held in a glass 
thimble with a sintered glass base and extracted in 
conventional Soxhlet apparatus using once distilled 
toluene as solvent. An extraction time of | hour 
was employed and two extractions made for each 
curing dose. After the extraction the surplus solvent 
was removed by transferring the thimble to an oven 
set at 70°C. Constant weight was attained by drying 
the thimble and its contents in a vacuum oven at the 
same temperature. The 3 and 10 Mrad samples 
were further extracted for several hours but no more 
weight loss occurred. It was concluded therefore 
that all extractions were complete. The average 
variation in the two runs was 0-4°% of extractable 
material. The toluene fractions containing the 
soluble extract were added and the bulk of the 
toluene removed by distillation at atmospheric 
pressure, and the remaining solvent was distilled off 
under reduced pressure. The residue, a viscous oil, 
was submitted for spectroscopic examination. 


RESULTS 


In view of the absence of any detailed 
published results on the irradiation of 
polyesters it is appropriate to describe first 
some observations of a general nature. It 
was readily apparent that the transition 
from the syrup-like resin to the solid ther- 
moset product could be induced with con- 
venient radiation doses and without incor- 
porating any catalyst or subjecting the 
sample to external heat treatment. A 
selection of commercial resins (Crystic 191, 


Crystic 300, Bakelite 17449, Bakelite 18891 
and British Resin Products samples) set to 
hard casts on receiving doses of the order of 4 
to 8 Mrads, although this is not intended to 
imply that they were necessarily fully cured in 
this dose range. The casts had the contours of 
the containing vessel so that dumb-bells, bars 
etc., could be obtained by irradiating the 
samples in the moulds. Complete polymeri- 
zation could only be achieved if the sample 
depth was less than the effective penetration 


* Handbook of Chemistry and Physics, 36th Edition 1954-55, 1898. 
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of the radiation beam (approximately 6mm). 
This was illustrated by filling test-tubes with 
resin to a depth of several centimetres and 
passing them vertically through the beam. 
Gelation only occurred to a depth of 6 mm or 
so, before merging into apparently un- 
changed material. The tacky surface com- 
mon to many polyesters when set in contact 
with air was present although it became less 
prominent or disappeared entirely as more 
radiation was given. In general, a dose of 1 
or 2 Mrad was required to initiate gelation; 
thereafter the hardness increased progres- 
sively with dose. No rapid onset of further 
cure was discernible when the gels pro- 
duced by radiation were subsequently heated. 
Casts darkened with increasing radiation 
doses to a dark straw coloration which 
faded or disappeared entirely if the casts were 
afterwards heated for 10 or 15 minutes at 
about 100°C. Doses greater than 8 or 9 Mrad 
frequently caused internal electrical dis- 
charges to appear in the casts such as have 
been observed in the irradiation of poly- 
methyl methacrylate. 

The tensile tests results of the prepared 
resin shown in Table 1 are subject to the 
criticism that the exothermic heat of poly- 
merization and shrinkage occurring during 
cure must cause considerable strain in the 
cast, and the wide mean deviations shown 
are attributed to such effects. Nevertheless, 
by selecting the best fitting curves through 
the error lines distinct trends are shown (see 
Fig. 1) For specimens cast with a dose less 
than 7 Mrad a pronounced “‘ageing”’ effect 
is shown in that tensile properties are not 
fully developed until some time after irra- 
diation. The magnitude of the ageing 
decreases with increasing dose, and no 
change in tensile strength on standing is 
shown for casts set with a dose exceeding 7 
Mrad. The values obtained for Young’s 
modulus are lower than would be expected 
for this particular resin while the elongations 
are unexpectedly high but both are of the 
same order as those obtained from the 
catalytically cured specimens. Since the two 
types of specimen, catalyst and radiation 
cured, have been tested under identical 
conditions, the results are considered to be 
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of qualitative significance. 

The dynamic moduli, hardness, density 
and extraction experimental results given in 
Table 2 are illustrated collectively in Fig. 2. 
Preliminary determinations of the dynamic 
moduli established that in no case did ageing 
continue after 40 hours, thus justifying the 
selection of a minimum period of two days 
after irradiation for the second series of 
tensile tests. The results given in the table 
were obtained over a period of several weeks 
following irradiation, and are considered to 
be constant at the values cited. Usual 
practice has been followed in expressing the 
dynamic modulus in c.g.s. units, the 
maximum value reached corresponding to 
7-3 x 10° lb persq. in. The figure indicates 
the dependence of the selected properties on 
the curing dose; in all cases the changes are 
pronounced over the range 3 to 6 Mrad and 
thereafter the properties become sensibly 
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constant. (The values for the density at 10 
Mrad and the modulus at 9 Mrad are 
apparently quite anomalous and do not 
contribute to the general trend which the 


figure illustrates.) Values obtained for the 
conventionally cured resin conform closely 
with those given by a radiation induced cure 
of 7 or more Mrad. This can be designated 
as the optimum curing dose for this resin 
under the conditions of radiation utilized, 
since it can be considered that the maximum 
potential cross-linking has occurred at this 
point. A significant feature which emerged 
during the hardness determinations was the 
marked difference in the hardness of the two 
surfaces of the samples cured in the lower 
dose range. The difference decreased with 
increasing dose and became negligible when 
the dose exceeded 6 Mrad. Non-uniform 
cure through the sample is indicated at low 
doses presumably as a consequence of non- 
uniform dose distribution through the 
sample. 

Ultra-violet spectroscopic analysis‘ of the 
toluene soluble extract indicated that it 
contained a phthalic ester content of 50-5% 
by weight, compared with 38-4% of such 
groups found from a corresponding analysis 
of the polyester itself. The latter figure shows 
very good agreement with the theoretical 
amount of phthalic ester groups present in 
the polyester (38:2%). The appreciably 
larger phthalic content of the extract is 
therefore significant, and the explanation 
may lie in a consideration of the preparation 
of the polyester. As esterification proceeds 
the maleic anhydride will be consumed more 
rapidly than the phthalic and the reaction 
mixture would become enriched with low 
molecular weight phthalate polyesters. Such 
molecules, containing no ethylenic unsatura- 
tion, could play no role in the subsequent 
cross-linking mechanism and would therefore 
be extractable to any extent of cure. An 
analysis of the limiting soluble fraction is 
discussed in the appendix. 


DISCUSSION 


While this work was in progress the first 
reference to the polymerization of polyesters 
by cobalt-60 y radiation was published. ® 
No experimental details were given but the 
resins were asserted to be readily converted 
to hard casts, with a progressive improve- 
ment in properties as the radiation dose 


increased. A very wide dosage was covered 
viz. 0-19 to 25 Mrad. A surprising feature 
claimed was the production of casts having 
densities approximately 10° greater than 
conventionally polymerized resins, implying 
the attainment of a much higher degree of 
cross-linking. The conditions of irradiation 


» 
| 
180 
Le 160 
257 
2 


32 A. Charlesby and V. Wycherley 


however, and in particular the intensity, 
would not be comparable to those used in 
this work. 

The quantitative results obtained here 
will, of course, only apply to the particular 
resin studied, but there is no reason to doubt 
that analogous results would be obtained 
with commercial materials of a similar 
nature. 

The post-irradiation ageing effect is pro- 
bably dependent on some basic structural 
characteristic of the polyester itself, since it 
has been observed that radiation induced 
gels of two commercial resins showed a wide 
variation in stability. In one case (Crystic 
191), periodic extractions of samples of the 
gel over a period of eight weeks showed no 
decline in toluene soluble material, while in 
the other case (Crystic 300) the gel hardened 
markedly in a few hours. The ageing of 
undercured casts may be caused by the 
presence of trapped free radicals of con- 
siderable life-time which can continue to 
propagate cross-linking for some time after 
irradiation. In the case of polymethyl 
methacrylate there is evidence that radicals 
persist at room temperature for several days 
after irradiation.” 

A distinct advantage implied by the 
results is that radiation offers a means of 
controlling the cure of polyesters, since con- 
trolled radical concentrations are induced in 
the system and these will predetermine the 
extent of the copolymerization. Thus it has 
been found feasible to produce gels in the 
form of small sheets, lay them over formers, 
and give further radiation to complete the 
cure in the orientated position. The pro- 
duction of a stable gel would be difficult by 
conventional methods since optimum catalyst 
and promoter concentrations would have to 
be selected, although a recent patent* 
purports to establish such conditions. 

As far as the wider implications of the use 
of radiation in conjunction with these resins 
are concerned it has been suggested? that if 
they could be cured by radiation improved 
colour stability characteristics might result 


* French Patent 1,113,874. 
+ Plastics 21, 1 (1956). 
t U.S. Patent 2,668,133. 


and ageing problems would be reduced. 
It is known that inferior properties due 
to undercure may result in conventionally 
prepared casts when the inhibitor, catalyst 
and promoter concentrations lie outside 
optimum ranges. Since the latter two 
additives are not present in radiation 
cured resins the development of complete 
cure becomes a problem of ascertaining 
under specified conditions the amount of 
radiation energy required. From the purely 
practical aspect cure by radiation is, of 
course, considerably more convenient than 
the usual catalyst and heat treatment, and 
the technique has already found application 
in a patent. 


Energy considerations and G value 


In radiation induced reactions the yield is 
usually expressed in terms of a G value, 
defined as the number of molecules reacting 
or the number of changes of a specific type, 
produced per 100 eV of energy absorbed. 

Early results on the cross-linking of 
unsaturated molecules such as octadecene 
led to G values of about 5. 

In the system studied here little further 
change in properties occurred after a 
radiation dose of 7 Mrads. This corresponds 
to an energy absorption of 7 x 108 x 0-625 
x 101% eV per gram or 


7 108 x 0-625 « 1012M 


60-23 x 1023 i 


per polyester molecule of molecular weight 
M. Substitution of the value M = 890, leads 
to an energy absorption of 0-65 eV per poly- 
ester molecule. If it is assumed that at full 
cure each polyester molecule has undergone 
one change, the G value, in terms of the 
number of changes produced in polyester 
molecules will be 100/0-65 or 155. Since 
most polyester molecules will have suffered 
more than one change the G value will 
probably be somewhat larger, i.e. about 300 
to 400. This high yield is typical of a chain 
reaction induced by radiation. Initiation 


OL. 
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may occur in the styrene monomer, at the 
double bonds of polyester molecules or in the 
saturated part of the chain. The G value for 
radical initiation in styrene is 1-6'*) and is 
about 8 for radical initiation on a paraffin 
chain. Comparison of these latter two G 
values would suggest that initiation occurs 
predominantly on polyester molecules. 
The reaction may be compared with the 
radiation induced polymerization of styrene. 
At low radiation intensities the rate of 
polymerization is proportional to the square 
root of the intensity of radiation. At a dose- 
rate of 6000 r/min‘® conversion proceeds at 
a rate of 0-5°% per hour, so that a total dose 
of 6 Mrad will only produce about 8% of 
polymer. At higher intensities the conversion 


rate decreases because of combination by 
initiating radicals. The radiation rate used 
in this work is of the order of 107 r/min and 
would produce only a low yield of poly- 
styrene. Monomeric styrene irradiated under 
similar conditions to those described earlier 
for the production of the polyester casts, and 
given a total dose of 30 Mrad only produced 
3:8% of polystyrene. The separate poly- 
merization behaviour of monomers is a poor 
guide for the prediction of their copoly- 
merization behaviour but this comparison 
does illustrate the high reactivity of the 
polyester-styrene system. It is intended to 
make the effect of dose-rate on the curing 
mechanism of these resins the object of 
further studies. 


CONCLUSIONS 


The terms ‘‘degree of cure” and “full 
cure,” when applied to polyester resins do 
not lend themselves to rigid definition, but it 
is generally accepted that full cure is 
attained when the properties of the casts 
show no change if the curing cycle is 
subsequently extended, since at this stage 
the maximum degree of cross-linking under 
the specified conditions of cure is presumably 
reached. If the concept of an optimum 
“curing dose” is admitted this work would 
suggest that it could be evaluated by a 
study of the dose dependence of any one of 
the four selected properties. Other pro- 
perties such as dielectric constant, impact 
strength, water absorption are also used 
to assess degree of cure“) and could be 
utilized in this context, but a more infor- 
mative technique of assessing the course 
of the polymerization would be very 
desirable. 

The radiation- and catalyst-cured casts 
referred to in the text have substantially 
the same properties, but the possibility of 
achieving an improved degree of cure using 
radiation cannot be precluded. Under 
normal conditions of cure the reaction 
may be highly exothermic. Polymerization 


* Symposium, Ind. Eng. Chem. 46, 1613-1645 (1954). 
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induced by low radiation intensities and 
causing only low temperature rises in the 
casts would minimize the effect of thermal 
expansion and might permit the reaction to 
propagate through a larger number of 
unsaturated sites. 

Although there is a considerable amount 
of information available on the effect of 
varying such factors as the chemical com- 
position of the polyester, the amount 
of styrene etc.,* only recently has any 
work of a fundamental nature been done 
on the curing mechanism.1°!) The cure 
of polyesters by radiation, in itself, will 
not solve or lessen any relevant problems 
but it does offer a novel approach to their 
study. 
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APPENDIX 


Calculation of the limiting soluble fraction 


Expressions derived by Ftory“ for the molecular 
weight distributions of polyesters support the assump- 
tion made here that they follow an exponential 
distribution curve. In this treatment the difference 
in esterification rates of the two acids (phthalic and 
maleic) is neglected and the weight of each polyester 
molecule is taken as being proportional to the number 
of acid residues it contains. It is further assumed that 
propagation can only occur through the maleic 
unsaturation in the polyester chains. Molecules 
containing only phthalic residues will therefore 
remain soluble. 

The number of molecules with f acid residues in a 
specimen is Ax?, where A and x are suitable para- 
meters, and x < 1. The total number of molecules is 

therefore S Ax? or Ax(1 — x)71 
=1 

If the waaesinbiie weight of a molecule with p acid 
residues is wp, the total weight of the specimen is 
given by 

ao 
S AxPwp or Awx(1 — x) 
p=1 


These two equations determine A and x. In particular, 
the average number of acid residues per molecule is 


In our case the average number of acid residues per 
molecule is 5-2 (i.e. twice the number of the ethylenic 
double bonds per average chain), whence x = 0-81. 

Since equal amounts of phthalic and maleic anhyd- 
rides were taken in the formulation the probability of 
a molecule with p acid residues containing only 


phthalic acid fragments is (})?, and the number of 
such molecules is 


Ax? or As (1 


The weight of such molecules is 


The weight fraction of such molecules, (which 
because of their lack of unsaturation cannot be 
incorporated into a cross-linked structure) is 


Substitution of x = 0-81 gives, for the weight fraction 
of molecules containing only phthalic residues, 5-1%. 

With the ratio of styrene to polyester taken here 
(3 : 7) it can reasonably be assumed that at full cure 
the styrenated casts contain no unpolymerised 
styrene. Thus for this resin the limiting soluble 
fraction would be 3-57%. Comparison of this figure 
with the sol fraction actually obtained (4-8%) 
suggests only reasonable agreement, but confirms 
that an appreciable soluble fraction will be present 
even at high extents of cure. 
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Pure suspensions of bacteria, Escherichia coli, Bacillus subtilis, B. thermoacidurans, and several 
putrefactive anaerobes denoted as PA #76H and PA #3679 (species related to Clostridium 
Sporogenes), were irradiated both by cathode rays and by gamma rays from cobalt-60. These 
studies emphasize that broad generalizations are not possible on the effects of different 
environments on the radiosensitivity of a bacterial population. 

When a free-radical acceptor such as sodium ascorbate was added to saline suspensions of 
B. subtilis, the radioresistance of the organism was increased, but when sodium ascorbate was 
added to saline suspensions of PA #76H, PA #3679, and B. thermoacidurans, the radioresistances 
of these organisms were no different from those when they were irradiated in saline solution 
alone. All these organisms (B. subtilis, B. thermoacidurans, PA ##76H, and PA #3679) were more 
radioresistant when irradiated in the presence of sodium ascorbate in more complex media 
such as pea purée and tomato juice. 

Comparisons of the radioresistances of these organisms in saline solution and in a more 
complex medium also show differences. B. subtilis was less radioresistant, whereas B. thermo- 
acidurans, PA ##76H, and PA #3679 were more radioresistant in a more complex medium than 
in a saline solution. 


The effects of pH, the atmosphere during irradiation, the type of radiation, and the state 
of the medium on the radiosensitivities of these organisms are discussed. Recent data on the 
putrefactive anaerobes are presented to illustrate the handling of data and the statistical 
method utilized. 

Considerations are given for examining heterogeneous populations of bacteria encountered 
in various foods to be irradiated. 


QUELQUES ASPECTS MICROBIOLOGIQUES DE LA STERILISATION 
PAR IRRADIATION 


On a irradié des suspensions pures de bactéries, Escherichia coli, Bacillus subtilis, B. thermo- 
acidurans et plusieurs anaérobies de putréfaction, dénotées PA # 76 H et PA # 3679 (espéces 
voisines de Clostridium sporogenes), avec des rayons cathodiques ainsi que des rayons gamma du 
cobalt-60. Ces études confirment qu’on ne peut pas généraliser largement |’ a des differents 
environnements sur la radiosensibilité d’une colonie bactérienne. 

Lorsqu’on additionne aux suspensions salines de B. subtilis un accepteur de radicaux libres 
tel que l’ascorbate de sodium, la radiorésistance de l’organisme augmente, mais si |’ascorbate 
de sodium est additionné aux suspensions salines de PA # 76H, PA # 3679 et B. thermo- 
acidurans, les radiorésistances de ces organismes ne différent en rien de celles des suspensions 
salines pures. Tous ces organismes (B. subtilis, B. thermoacidurans PA # 76 Het PA # 3679) 
deviennent plus radiorésistantes en présence d’ascorbate de sodium quand on les irradie dans 
des milieux plus complexes tels que purée de pois et jus de tomate. 

En comparant les radiorésistances de ces organismes en solution saline et dans un milieu 
plus complexe on trouve aussi des différences. B. subtilis est moins résistant, tandis que B. 
thermoacidurans, PA ## 76 H et PA # 3679 sont plus résistants dans un milieu plus complexe 


qu’en solution saline. 
On discute l’effet du pH, de l’atmosphére durant l’irradiation, du type de rayonnement, 


* Presented before the Annual Meeting of the Society for Industrial Microbiology, Storrs, Conn., 27 August 1956. 
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de |’état du milieu sur la radiosensibilité ces organismes. Des données récentes sur les anaéro- 
bies de putréfaction sont présentées comme illustration de la technique de mesure et de la 
méthode statistique utilisées. 

Des considérations sont présentées pour l’examen de populations hétérogénes de bactéries 
rencontrées dans divers aliments a irradier. 


HEROTOPbIE ACIERTBI 
OBLTY 

Cycnensum Gaxrepuii Escherichia coli, Bacillus subtilis, B. thermoacidurans 
Il H€KOTOPBIX PHUeHNe aHaapodos, HasBaHHEIx PA 76H PA 3679 (pul, 
Clostridium sporogenes) KaTOHEIMM OT MCTOUHMKA 
Ha KyAbTyp OaktTepHii K 

IIpu K cycnensnm B. subtilis conepom pacTBope BellecTBa, cnocodHoro 
HaTpusa K Cyenensuam PA 76H, PA 3679 u B. thermoacidurans conenom pacrBope 
ycToiiuuBocTb TakaA Kak B CoueBom pacTBope. IIpu 
BIIPUCYTCTBUM HaTpuA B Cpeze, HalpuMep, B ropoxoBom 
WIM TOMaTHOM coKe, Bce 9TH OpranusMmEr (B. subtilis, B. thermoacidurans PA 76H u 

Cpapnenne nokasbipaeT, YTO B CoueBOM pacTBOpe B 
menbpule, a B. thermoacidurans, PA 76H u PA 3679 4eM B COeBOM pacTBope. 

B cratpe pH, B KoTOpoit 
THMa COCTOAHUA Ha YYBCTBUTeIbHOCTh OPraHu3MOB K 
JL MpuMeHAeMOrO H OOpasoTKH pesyAbTAaTOB 


EINIGE MIKROBIOLOGISCHE GESICHTSPUNKTE ZUR 
STRAHLUNGSSTERILISIERUNG VON LEBENSMITTELN 


Reine Bakterienkulturen von Escherichia coli, Bacillus subtilis, Bacillus thermoacidurans, 
sowie mehrere dem Clostridium sporogens verwandte Arten von faulniserregenden Anaroben 
(PA #76H und PA #3679) wurden einer R6éntgen- und einer y-Bestrahlung (Co-60) aus- 
gesetzt. Die vorliegenden Untersuchungen sollen insbesondere zeigen, dass man iiber den 
Einfluss verschiedener Lebensbedingungen auf die Strahlenempfindlichkeit verschiedener 
Bakterienstamme keine generalisierenden Aussagen machen darf. 

Wird der salinen Suspension von B. subtitlis ein Radikal-freier Akzeptor, beispielsweise Nat- 
riumaskorbat, beigefiigt, so steigert sich dessen Strahlungsresistenz. Hingengen macht es fiir die 
Strahlungsempfindlichkeit von Pa #76H, PA #3679 und B. thermoacidurans keinen Unter- 
schied aus, ob diese Organismen in rein saliner Suspension oder in Anwesenheit von Na- 
Askorbat bestrahlt wurden. In einem komplexen Medium, wie Z.B. Erbsenpuree oder 
Tomatensaft, bewirkt die Gegenwart von Na-Askorbat fiir samtliche der genannten Organ- 
ismen (B. subtilis, B. thermoacidurans, PA #76H und PA #3679) eine gesteigerte Strahlungs- 
restitenz. 

Ein Vergleich der Strahlenrestistenz dieser Organismen in saliner Lésung und in komplexen 
Medium ergibt ebenfalls Unterschiede: Im komplexen Medium erwies sich B. subtilis als 
weniger, B. thermodurans, PA #76H und PA #3679 jedoch als mehr strahlenresistent, als 
in saliner Nahrlésung. 

Der Einfluss des pH, der Atmosphere wahrend der Bestrahlung, der Art der Strahlung und 
der Art des Mediums auf die Strahlenempfindlichkeit dieser Organismen wird besprochen. 
Neuere Ergebnisse iiber faulniserregende Anaroben werden angegeben, um die Auswertung 
dieser Daten zu zeigen. Es wurde die statistische Methode verwendet. 

Es wird darauf hingewiesen, dass bei Bestrahlung von heterogenen Bakterienstammen die 
Untersuchungen im Hinblick auf die jeweiligen Lebensmittel, die ihnen als Nahrboden 
dienen, vorgenommen werden miissen. 
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INTRODUCTION 


THE object of any radiation sterilization for 
food is to destroy the micro-organisms 
present in the food or food product. One 
of the first questions that must be fully 
answered is to what degree various micro- 
organisms resist radiation. Of major interest 
are questions such as: Does the resistance of 
micro-organisms such as becteria to. different 
types of ionizing radiation vary? Does the 
atmosphere of the radiation affect the 
sensitivity? What is the effect of different 
types of media? Does the pH of sample 
being irradiated affect the sensitivity of the 
bacteria? Another important consideration 
is whether various bacteria react in the 
same way to the different environments. 
For the past ten years the Department of 
Food Technology has been investigating 
such questions on pure-culture suspensions 
of various species of bacteria in an effort to 
arrive at some valid conclusions. Concisely, 
the results may be summed up as follows: 
No broad generalization of the effect of 
ionizing radiations on bacteria is possible; 
wide differences occur between the effects of 
different environments on the radiosensitivity. 

Studies on the effect of environments on 
the radiation sensitivity on Escherichia colt, 
Bacillus subtilis, B. thermoacidurans, Clostridium 
sporogenessp. (Strains PA #76H and PA #3679) 
have been made in detail. Two major 
types of radiation were used in these studies. 
Gamma rays from a kilocurie cobalt-60 
source have been used as well as cathode 
rays (mainly from a 3-MeV Van de Graaff 
generator). 

With a great number of studies on FE. coli 
and B. thermoacidurans subjected to high- 
energy cathode rays, X rays, and gamma 
rays, no real differences were found in the 
sensitivity of the organisms suspended in 
saline. Careful dosimetry of all sources was 
used, so that the results are comparable. 
A few statistical differences were noted in the 
bactericidal effects of the different radiations, 
these differences are very small (only 5 to 
15%) and are what might be expected in 
view of the differences in the geometry of 
the samples. A few interesting results 
have recently been found with several 


species of anaerobic bacteria subjected to 
different ionizing radiations, which will be 
reported in detail below. 

The effects of medium, atmosphere, 
physical state of medium, pH, and free 
radical acceptor on the radiosensitivity of 
four representative bacteria that have been 
studied in detail are summarized in Table 1. 

E. coli is more sensitive to both gamma and 
cathode radiation in broth than in pea purée. 
However, B. subtilis is more sensitive to 
gamma radiation and cathode rays in both 
pea purée and evaporated milk than in 
saline. 

B. thermoacidurans is more sensitive to 
cathode rays in saline than in tomato juice. 
Cl. sporogenes sp. (PA #76H and PA #3679) 
more sensitive in saline than in pea purée 
when subjected to both cathode rays and 
gamma rays. It is to be expected that a more 
complex medium will afford protection to 
an organism by absorbing more of the free 
radicals produced, and thus the organism 
would be more sensitive in the simpler 
medium (saline). The reason for the 
complete reversal of this effect with B. 
subtilis is far from apparent, but one explana- 
tion has been advanced that partial germina- 
tion might occur in the more complex 
medium, making the organism more sensitive 
to the radiation. 

The effect of atmosphere on E. coli, B. 
subtilis and PA #76H indicates that, in 
general, as the amount of oxygen present in 
the atmosphere decreases, the sensitivity to 
radiation also decreases. The radiation 
chemistry of water with relation to oxygen 
has been discussed elsewhere in detail,‘! 
and it is considered that the increased 
sensitivity is due to the reactivity of the 
hydroperoxyl free radical (HO,) that is 
formed. Since there is more oxygen present 
above a 3-ml sample of the suspension than 
above a 5-ml sample of the suspension in 
5-ml ampoules, it is considered that this is 
the reason that the sensitivity of these 
organisms is greater in the 3-ml samples 
than in the 5-ml samples.‘ In the case of 
B. thermoacidurans, there is no oxygen effect 
and hence there is no difference of sensitivity 
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in various environments or with different 
volumes. 

It is expected that when a bacterial 
suspension is irradiated in a frozen medium, 
the sensitivity of the organism should be 
decreased due to the slowing of the diffusion 
of the free radicals formed. This effect was 
found for E. coli. However, with B. subtilis 
exactly the opposite effect was found—the 
bacteria were more sensitive in the frozen 
state. One explanation of this phenomenon 
is that the freezing of the spores may disrupt 
the integrity of the spore wall, and thus 
render the organism more sensitive to 
radiation. In the case of B. thermoacidurans 
and PA #76H, no statistical difference was 
found between spores irradiated in the 
frozen and non-frozen state. 

The effects of pH on the sensitivity of the 
various bacteria are somewhat as expected. 
No consistent effects were found in the case 
of B. subtilis. For B. thermoacidurans subjected 
to cathode rays and PA #76H subjected to 
gamma rays, the sensitivity of the spores 
appeared to be increased as the comparisons 
were made in buffers of widely differing pH. 
As the difference in pH between the buffers 
decreased, the apparent difference in 
sensitivity decreased. A basic buffer at pH 
10.0 produced about the same sensitization 
as a buffer of pH 2.2. In the case of both 
organisms, they were significantly more 
sensitive in saline than in buffer of pH 7.0. 
The apparent difference is probably due to 
larger number of molecules in the more 
concentrated medium. 

Interesting results have been found with 


the effects on the various bacteria of the 
addition of a free radical acceptor to 
several media. The acceptor used for these 
studies has been sodium ascorbate. In the 
case of B. subtilis irradiated by cathode rays, 
sodium ascorbate in a 1% concentration 
statistically decreases the sensitivity of the 
spores when irradiated in both saline and in 
pea purée. However, in the case of B. 
thermoacidurans irradiated by cathode rays, 
1% sodium ascorbate protects the spores in 
tomato juice, but there are no protection 
effects which may be statistically shown 
when they are irradiated in saline. Similar 
results were obtained when PA #76H was 
irradiated with cathode rays in saline and 
pea purée. However, when the spores were 
irradiated with gamma rays in saline alone 
and with the addition of sodium ascorbate, 
a statistical difference between sensitivity in 
the two media was shown which was almost 
as great as that found in pea purée. Thus 
there is a complete difference between the 
results of the two similar experiments 
performed with different radiations. This 
will be more fully discussed in detail 
below. 

The results presented in Table 1 are the 
results obtained from over 4000 separate 
paired comparisons, each plated in duplicate 
(aerobes) or triplicate (anaerobes). All 
results are significant at least at the 0.05 
level, and most are significant at the 0.01 
level. The detailed results can be found in 
several papers’ 11) except for the putre- 
factive anaerobes, which will be presented 
partially here. 


EXPERIMENTAL 


As an illustration of the techniques involved in 
these studies, the procedures utilized for the studies 
with putrefactive anaerobes will be given, with 
detailed results. 

The source of cathode rays (denoted as f) was a 
3-MeV Van de Graaff generator. The source of 
gamma rays was a kilocurie Co® source.) 

A spore culture of PA #76H,* isolated from corn, 
and a spore culture of PA #3679} were prepared in 


the following manner. A liver-broth infusion was 
prepared by grinding one pound of beef-liver, 
boiling for 1 hour in | liter of water, and filtering. 
The volume was adjusted to | liter, and 10 grams of 
peptone (Difco) and 1 gram of potassium phosphate 
were added. The pH was adjusted to 7.2, and 25 ml 
were distributed in each of three 75-ml test tubes, 
approximately 100ml in each of two 250-ml 
Erlenmeyer flasks, and approximately 725 ml in a 


* Through the courtesy of Mr. G. B. Prarr of the American Can Co. The code number is the American 


Can Co. designation. 


+ Also through the courtesy of the American Can Co. The code number is the National Canners Association 


designation. 
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Taste 1. Summary of effect of environments on the radiosensitivity of various bacteria 


Environment | E. coli 


B. subtilis 


B. thermoacidurans PA #76H 
| 


More sensitive in 
saline than in broth 
than in pea purée 

(B and y rays) 


Effect of medium 


More sensitive in 
pea purée and milk saline than in 
than in saline 

(B and y rays) 


More sensitive in 
saline than in pea 
| tomato juice | purée 


(6 rays) (B and y rays) 


| More sensitive in 


oxygen > air > 
vacuum = nitrogen 


(B and y rays) 


Effect of atmosphere 
(decreasing 
sensitivity) 


| oxygen > air > 
vacuum > nitrogen 


(B and y rays) 


oxygen > air > 
nitrogen 


(B and y rays) 


| No statistical 
difference between 

| air, vacuum, 

nitrogen or oxygen | 

| 


(B and y rays) | 


Physical state of Nonfrozen more 


Frozen more 


| No statistical | No statistical 


medium (frozen vs. sensitive than frozen | sensitive than _ difference between | difference between 
nonfrozen) | (Band y rays) | nonfrozen frozen and non- frozen and non- 
| (B rays) frozen | frozen 
| | | (Bandy rays) (B rays) 
| 
Effect of pH | Not available | No consistent _ saline > pH 2:2 = | saline > pit 2-2: 


(comparisons in 


statistical differences | pH 10:0 > pH 3-4 pH_ 10-0 > pH 3-4 


buffers and saline) were found | > pH46 > pH7-0 | > pH 4-6 > pH 7-0 
(decreasing (B rays) | (B rays) | (y rays) 
sensitivity) 

Effect of a free radical | NaAsc germicidal | 1% NaAsc decreases 1° NaAsc decreases 1° NaAsc decreases 
acceptor (sodium in 1-:0%-0-1% | sensitivity in pea sensitivity in pea sensitivity in pea 
ascorbate) | concentrations _ purée and in saline | purée purée 

| (B rays) | (B and y rays) 


| 


1% NaAsc does not 
statistically affect 
sensitivity in saline 


(B rays) 


1% NaAsc does not 
statistically affect 
sensitivity in saline 

(B rays) 

% NaAsc statis- 
tically decreases 
sensitivity in saline 

(y rays) 


2-liter Erlenmeyer flask. To each test-tube and 
flask a small amount of the cooked liver and several 
iron nails were added. All were then sterilized at 
20 p.s.i.g. for 15 min. 

The three 25-ml portions were inoculated with a 
loopful of spore suspension, stratified with sterile 
vaseline, and incubated for 48 hours at 37°C, and 
then transferred to the two 100-ml portions in the 
Erlenmeyer flasks and incubated for 2 days at 37°C. 
The contents of both were then transferred to the 
725 ml of broth and incubated for two weeks at 37°C. 

The contents were then filtered through sterile 
cheese cloth, and centrifuged at 4000r.p.m. for 
20 min, the supernatant was quickly poured off and 
recentrifuged. 6 ml of physiological saline was then 
added to the precipitate, as was 100ml saline. 
Centrifugation was again carried out. The 


supernatant was discarded and the precipitate 
washed out with several 5-ml aliquots of saline and 
pooled to form stock suspensions. The original 
supernatant was recentrifuged, washed, centrifuged 
again, and then the precipitate added to the previous 
suspension. Approximately 200 ml of stock suspension 
were prepared and then refrigerated (3-5°C) in 
dilution bottles until used. 

l-ml aliquots of the stock suspension were 
pasteurized in boiling water for seven minutes, 
before dilution with 100 ml of the medium in which 
they were irradiated. 

The spores were counted, using ANDERSON’s pea- 
pork infusion, It consisted, per liter, of 800 ml pork 
infusion, 200 ml pea infusion, 5 g peptone (Difco), 
1.25 g of dibasic potassium phosphate, 1.6 g tryptone 
(Difco), 1 g soluble starch, 0.5 g sodium thioglycollate 


| 
_ 
2 
| | | 
| | | | 
| | | 
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(BBL), and 16 g ofagar (Difco). The pH was adjusted 
to 7.2, cooked for 7 min/liter at 15-pounds pressure, 
and filtered hot with 25 g/liter of filter aid (‘‘Celite’’). 
It was then sterilized at 20p.s.i.g. for 15 min. 

Counts were made in triplicate in tubes 12 mm x 
20 cm, sealed at one end and flared at the other. 
Valid counts were chosen from 15 to 150 colonies 
per tube. For plating, 0-4ml of 5% sodium 
bicarbonate solution that had been sterilized by 
passage through a membrane filter and approxi- 
mately 10 ml of ANDERsoON’s medium was added to 
each tube. They were stratified with 1-2 cm of 
sterile vaseline. All tubes were incubated at 37°C 
for 40-44 hours. 

Irradiation of the diluted spore suspensions was 
conducted in 5-ml Kimble (“‘Neutraglass’’) glass 
ampoules, sealed with a crossfire torch. Prior to being 
filled, ampoules were sterilized by overnight storage 


in a dry heat oven at 180°C. Samples (3-ml) of the 
diluted spore suspensions were aseptically transferred 
to these sterile ampoules. 

For studies made with pea purée (Gerber), 
weighed portions were transferred to stainless-steel 
blendor cups (Oster), sterilized, and retared with 
sterile distilled water. An aliquot of spore suspension 
was then added and thoroughly mixed. Samples 
(3-ml) were then measured out as above. 

For studies involving sodium ascorbate, the 
weighed aliquot of sodium ascorbate was added 
aseptically either to the saline solution or to the 
sterile blendor cup. The pasteurized spore suspension 
was then added. 

For studies under different atmospheres, the 
techniques used for evacuating the ampoules, and 
replacing with the desired gas were exactly the 
procedures used for E. coli.” 


RESULTS AND DISCUSSION 


A typical survival curve for PA #76H 
irradiated in saline by cathode rays is shown 
in Fig. 1. The curve is for dose ranges 
from 250,000 repy, to 2,000,000 repgs. 
Each point represents five duplicate samples 
plated in triplicate. As can be seen by the 
shape of the survival curve, it does not 
closely follow the first-order reaction of the 
“target theory.” 

Fig. 2 illustrates the survival curves 
obtained for PA #3679 irradiated under 
different atmospheres by 3-MeV cathode 
rays. The numbers opposite each point of 
these curves represent the number of different 
samples plated in triplicate for each point. 
From these data it may be concluded that 
PA #3679 spores are more sensitive in 
oxygen than in air, and are more sensitive in 
air than in nitrogen. It may be further seen 
that the spores show no difference in 
sensitivity when irradiated in air in either a 
frozen or nonfrozen state. 

The results that have been obtained so 
far on the effect of sodium ascorbate on the 
radiosensitivity of the putrefactive anaerobes 
are interesting. Protective agents have been 
discussed elsewhere,'*!® and the effects 
have been noted for other organisms such as 
E. colt’) and Ps. fluorescens.2*) As in the 
case of B. thermoacidurans, both PA #76H and 
PA #3679 show no significant difference 


100 


8 
> 
\ 
8 
0-01 
0-001 
04 1:2 16 2:0x106 
Dose PePg3 


Fic. 1. Effect of cathode rays on the survival of 
PA #76H spores irradiated in saline. 
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However, when the experiment was 
repeated under identical conditions, using 
gamma radiation, a very significant difference 
in the sensitivity of PA #76H was found when 
sodium ascorbate was added to saline. The 
analysis of the data, shown in Table 3 
indicates that the results are significant 
beyond the 0-01 level. 

In all cases, the same results have been 

; NYS obtained with the closely related anaerobe, 

PA #3679. In the case of B. thermoacidurans 
Non-frozen-nitrogen __Non-frozen air] as well as for PA #76H and PA #3679, the 
6080 OO" DOUIO protection when the spores were irradiated 

Dose rep _ by cathode rays in a more complex medium 

(tomato juice and pea purée). The difference 


Fic. 2. Effect of 3 MeV cathode rays on B. subtilis 4 See ; ° 
spores under different atmospheres and states of in sensitivity of the spores when irradiated 


medium. with gamma rays in saline with sodium 
ascorbate was almost as great as the difference 
when saline is compared with saline contain- in sensitivity noted with spores in the complex 
ing 1% sodium ascorbate when irradiated by medium with sodium ascorbate irradiated 
cathode rays. The results for the comparison with either gamma or cathode rays. 
with PA #76H in saline with ascorbate is The cause of the difference in the results 
shown in Table 2. The data are presented obtained with the similar conditions with 
by the method of statistical analysis recently two different radiations is not clear. One 
presented by the authors.“) The small other case has been found where an apparent 
b’s are roughly equivalent to —1/D,) from difference between the effects of the two 
the target theory expression. The sequen- radiations exists. When PA #76H was 
tial analysis of this series of experiments irradiated with cathode rays, in citrate 
shows that a comparison of ninety samples buffer of pH 2-2 vs. buffer of pH 7-0, the 
of each condition shows no statistical organism was found to be more sensitive in 
difference. the latter, with a statistical significance 


Tas_e 2. Putrefactive anaerobe PA #76H in saline vs. saline plus 1% sodium ascorbate irradiated with cathode rays 


| Control | Testsaline | Correction | Number of Different 
saline | +1%NaAsc | Difference value | samples doses 
| (by X 10°) | (6, x 10 | (bp — 5, x 105) (a) | compared " 
| | | 


25 July 1955 —0-25055 18792 —0-06263 0:28954 
27 July 1955 —0-29247 +-0-00330 0-05789 
3 Aug. 1955 —0-45106 +0-10298 1-06909 
10 Aug. 1955 —0-59570 . —0-00723 | 1-36954 
15 Aug. 1955 | —0-49027 | . +0-06217 1-19843 
17 Aug. 1955 —0-50952 . +0-06648 1-25289 | 
Averages —0:43109 —0-45910 +0-02801 +0-87223 | 


| 


| 


t = 0-413 

n = 6 comparisons 
D.f=5 
Not significant 
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Tas_e 3. Putrefactive anaerobe PA #76H irradiated by gamma rays in saline vs. saline + 1% sodium ascorbate 
Control Test saline Correction _ Number of 
Date saline | +1% NaAsc (by — by x 105) | (5, 2—b, x 10") value samples 
(by X 105) | | (a) | compared 
25 June 1956 —1-0461 —0-7717 —0-2744 0-004642 14367 | 15 
10 July 1956 —0-9047 —0-5843 —0-3204 0-002631 1:1001 15 
12 July 1956 —0-9339 —0-5765 |  —0-3573 0-002611 11369 | 15 
16 July 1956 —0-7944 —0-4886 —0-3059 0-001812 09077. | 15 
17 July 1956 —0-7773 —0-4819 —0-2954 | 0-001532 1-4330 | 15 
t = —22-35 
n = 5 comparisons 
d.f.=4 
“¢” test significant beyond 0-01 level. 
beyond the 0-05 level. However, when a 100 a) | | 
similar comparison was made but with 
gamma radiation, the pH 2-2 condition was . be sone 
found to be more sensitive, with a statistical IN + Soe eee 
significance beyond the 0-01 level. 0:001% NaAsc 
The difference between the radiations may ”~» Curve of 1-0% NaAs same 
be due to basic difference between the two c aadheatitloiaareics 
different radiations, or to the large difference 
in dose rate between the two radiations, or he 
related to the difference in the penetration, _ 1%0}-e1® 
energy distribution, and efficiency of utiliza- 3 \ ig 
tion of the radiations. is N 
A further point of interest was recently | 
found with sodium ascorbate. In the case 0-1 | 
where mercury resonance _ ultra-violet | 
radiation is used on spores of PA #76H, . | 
virtually 100°, protection is obtained when Power input 8Owatts 
the ascorbate is present in 1% or 0-5% a | 
concentration, and the protection decreases 0°01 
thereafter with concentration as shown in \ e | 


Fig. 3. At the levels where the ascorbate 
is still giving virtually 100% protection, 
between 99-99% and 99-99% lethality is 0-001 
observed in the control (no ascorbate added) . 
sample. These results are still preliminary, 
but the identical phenomenon has been 
found with spores of B. subtilis. 


| 
\ | 


16 20 24 
Contact time sec/m! 
Fic. 3. Survival of PA #76H spores in various 
concentrations of sodium ascorbate (NaAsc) 
irradiated by ultra-violet. 
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SUMMARY 


Results that have been obtained from 
detailed studies of ionizing radiations on pure- 
culture suspensions of bacteria, emphasize 
that various bacteria behave quite differently 


under the same conditions. Although it is 
likely that generalizations as to the effect of 
different environments on the radiosensitivity 
of bacteria of certain groups can be made 
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because of the wide variety of bacteria present for any food or drug product must be deter- 
in food or drug products, certain precautions mined experimentally under the exact 
must be taken. The exact sterilization dose conditions of commercial processing. 
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Quelques Effets a Distance Produits par le 
Choc Photodynamique chez les Petits 
Mammiféres de Laboratoire 
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Par la photosensibilisation et l’irradiation de petits rongeurs par la lumiére visible, il est 
possible d’obtenir des effets a distance comparables a ceux produits par l’irradiation totale 
ou partielle du corps, au moyen d’un rayonnement ionisant. 

Au moyen d’un choc photodynamique appliqué dans les conditions définies dans ce travail, 
nous pouvons provoquer la mort d’une méme proportion de cellules de la tumeur d’ascite 
que par l’injection de 1,8 micro-curie de P-32/g souris, c’est-a-dire de 60° des cellules au 
bout de 24 heures. 

Alors que le radiophosphore agit directement sur la suspension tumorale, le choc photo- 
dynamique agit sur elle par l’entremise d’un état pathologique de l’organisme pris dans son 
ensemble. Au cours de cet état, il se produit en particulier une décharge d’hormones cortico- 
surrénales qui, comme on peut le démontrer, interviennent dans |’effet sur la tumeur d’ascite. 
Cependant, le choc photodynamique agit aussi sur la tumeur d’ascite de la souris surré- 
nalectomisée et on peut émettre l’hypothése que l’essentiel du mécanisme des effets a distance 
n’est pas de nature neuro-endocrinienne comme le prétendent certains cliniciens,’>) a la 
lumiére des recherches récentes, il semble raisonnable d’invoquer Il’action d’une substance 
toxique libérée au niveau des régions irradiées. 

La régression du sarcome solide de Yoshida chez le rat et les modifications histologiques 
produites par le choc photodynamique sont similaires a ceux observés aprés l’action de 
rayonnements ionisants. Les effets photodynamiques au niveau de |’épithélium germinatif 
du rat adulte male semblent cependant étre voisins de ceux des traumatismes généraux non 


spécifiques. 


SOME DISTANCE EFFECTS PRODUCED BY A PHOTODYNAMIC SHOCK ON 
SMALL LABORATORY ANIMALS 


By photosensitization and irradiation of small mammals by visible light, it is possible 
to obtain distance effects comparable to those produced by total or partial body irradiation 
by means of ionizing radiation. By means of a photodynamic shock produced under the 
conditions mentioned above, we can bring about the necrosis of the same proportion of cells of 
a mouse ascites tumour (EHRLICH) as by the injection of 1,8 microcurie P-32/g mouse, i.e. 
60°, of the cells after a period of 24 hours. 

Whilst the radiophosphorous reacts directly on the tumour cell suspension, photodynamic 
shock acts by a pathological condition of the organism as a whole. In this condition a dis- 
charge of corticoadrenal hormones occurs, which, as can be proved, contributes to the effect 
observed in the tumour-cell suspension. In this respect, photodynamic shock resembles the 


* Attaché de recherches a |’ Institut National d’Hygiéne. 
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organismic alteration brought about by total body irradiation with ionizing rays, as described 
by Lesionp and co-workers.'*4) Since photodynamic shock also reacts on the ascites tumour 
of the adrenalectomized mouse, one can put forward the hypothesis that the predominant 
feature of the underlying mechanism is not of a neuroendocrin nature as clinical radiologists 
maintain;') in the light of recent research it seems appropriate to attribute these effects 
to the action of a toxic substance emerging from the irradiated area. 

Distance effects can also be demonstrated histologically in the case of solid Yoshida sarcoma 
and of the normal testis of the adult rat. 


HEROTOPHBIE J®DERTHI, BhISKIBAEMBIE 
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DISTANZEFFEKTE HERVORGERUFEN DURCH PHOTODYNAMISCHEN 
SCHOCK BEI MAUSEN 


Durch Photosensibilisierung und Bestrahlung mit sichtbarem Licht lassen sich an kleinen 
Nagetieren indirekte Strahlenwirkungen herbeifiihren, die denjenigen nach Einwirkung ion- 
isierender Strahlung erhaltenen Veranderungen weitgehend 4hnlich sind. 

Ein unter den oben definierten Bedingungen erzeugter photodynamischer Schock tétet im 
Ehrlich’schen Mauseaszites dieselbe Anzahl Zellen ab wie eine einmalige Injektion von 
1,8 microcurie P-32/g Maus, d.h. fiihrt zu 60% nekrotischen Zellen nach 24 Stunden 
Versuchsdauer. 

Wahrend der radioaktive Phosphor direkt auf den Tumoraszites einwirkt, kommt die Wir- 
kung des photodynamischen Schocks auf dem Umweg iiber einen krankhaften Zustand des 
gesamten Organismus zustande. Dieser pathologische Zustand ist unter anderem durch 
eine Ausschwemmung von Nebennierenrindenhormonen gekennzeichnet, die am Zustande- 
kommen des Distanzeffektes nachweisbar beteiligt sind. In dieser Hinsicht ist der photo- 
dynamische Schock den Veranderungen zu vergleichen, wie sie nach ionisierender Ganz- 
kérperbestrahlung von Leblond und Mitarbeitern beschrieben worden sind.@*) Indirekte 
Strahlenwirkungen im Aszitestumor kénnen auch in adrenalektomierten Mausen beobachtet 
werden. Dies berechtigt zu der Annahme, dass das wesentliche Geschehen bei den indirekten 
Strahlenwirkungen nicht neuroendocriner Art ist, wie von klinischen Radiologen behauptet 
worden ist.{25) Forschungen der letzten Zeit deuten darauf hin, dass indirekte Strahlen- 
wirkungen durch toxische Produkte zustande kommen, die in den direkt bestrahlten Geweben 
entstehen. 

Histologische Fernwirkungen nach photodynamischem Schock lassen sich auch im festen 
Yoshidasarkom und dem normalen Hodenepithel der erwachsenen Ratte nachweisen. 
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Divers types de rayonnements agissant 
sur les organismes des métazoaires peuvent 
produire des effets au niveau de zones non 
directement irradiées. Des termes divers 
ont été proposés pour caractériser ce phéno- 
méne; dans ce qui suit l’expression “effet 
a distance’ sera employée;  d’autres 
auteurs ont utilisé celle de ‘“abscopal 
effects’) et “effets indirects’’.®) 

On a bien souvent soulevé le probléme 
de savoir si ces effets sont “‘spécifiques’’, 
c’est-a-dire dans l’esprit des auteurs, iden- 
tiques ou similaires a ceux observés dans 
les tissus qui ont absorbé l’énergie radiante™ 
Cette question, cependant, demeurera sans 
signification aussi longtemps que la spéci- 
ficité des effets directs ne sera pas nettement 
établie. Aussi, dans ce travail, le probléme 
d’une possible identité ou similarité des 
effets directs et a distance demeure-t-il 
ouvert. 

Cependant, les effets a distance peuvent 
étre étudiés sous un angle entiérement 
différent. Le syndrome d’irradiation a 
maintes caractéristiques en commun avec 
une intoxication aigué. Dans la mesure ou 
les effets a distance sont causés par des 
agents chimiques, leur étude expérimentale 
nous apporte des renseignements sur les 
aspects toxicologiques du syndrome d’irradia- 
tion a l’échelle de lorganisme entier. Les 
résultats apportés ici sont limités a cet 
aspect du probleme. 

En ce qui concerne l’appréciation des 
effets a distance, il faut faire une nette 
différence entre la biologie des radiations 
ionisantes et non-ionisantes. Peu aprés la 
découverte des rayons X, les chercheurs se 
rendirent compte des effets locaux de ces 
rayons dans la matiére vivante, en par- 
ticulier au niveau de la peau. Les effets a 
distance, par contre, ne furent observés pour 
la premiére fois qu’en 1924.) Depuis lors, 
un nombre toujours croissant de publications 
fut consacré a ce probléme.'®: 7 §) Le cas 
des radiations non-ionisantes est différent. 
Bien que les rayonnements appartenant a 
ce groupe (a l’exception des rayons infra- 
rouges) ne pénétrent pas dans la matiére 
vivante au-dela de quelques millimétres, 
c’est un fait connu depuis les premiéres 


observations de Charcot sur les effets bio- 
logiques de la lumiére, que la lumiére 
solaire et Vlultraviolet artificiel affectent 
Yorganisme des métazoaires dans son en- 
semble.'®) Il apparait ainsi que la photo- 
biologie doit inclure les effets a distance. 
D’un autre cété, dans l’étude des rayonne- 
ments pénétrants, les effets a distance, 
distingués des effets locaux a une période 
relativement tardive, ont été considérés 
comme un sujet de recherche plein d’intérét. 
Ainsi, il apparait que l’étude expérimentale 
des effets a distance en photobiologie est 
peu développée en comparaison de celle 
consacrée aux effets a distance causés par 
les rayonnements ionisants; le seul effet a 
distance bien connu de la lumiére ultra- 
violette semble étre la lipophanérose centro- 
lobulaire du parenchyme hépatique.?° 

Le but des expériences décrites dans ce 
travail est de provoquer des effets a distance 
chez de petits mammiféres (souris et rats) 
par la lumiére visible aprés photosensibilisa- 
tion et d’en tirer des conclusions quant aux 
mécanismes généraux susceptibles d’inter- 
venir. A cette fin, on a suivi chez la souris 
blanche l’évolution du pourcentage des 
cellules Strugger-positives dans une tumeur 
d’ascite (Ehrlich), et on a analysé chez le 
rat albino (Wistar) les aspects histologiques 
du sarcome solide de Yoshida (chirurgicale- 
ment transplanté dans le derme) ainsi que 
ceux du testicule normal. On a comparé 
les effets observés dans la tumeur d’ascite 
des souris photosensibilisées et irradiées 
avec l’effet de l’injection de radiophosphore 
sur la méme tumeur, effet que nous avons 
rapporté déja dans un travail précédent.4 
Le graphique représentant l’effet du radio- 
phosphore a servi comme point de repére 
dans celui représentant leffet du choc 
photodynamique (fig. 1). Dansla précédente 
communication il fut établi que chez la 
souris blanche porteuse d’une tumeur d’as- 
cite une seule injection de 1,8 micro-curie 
P-32/g souris produisait au bout de vingt 
quatre heures jusqu’a 60% de _ cellules 
Strugger-positives, la valeur du taux chez 
les témoins étant approximativement de 
30°. Au cours des jours suivants, le pour- 
centage décroit réguliérement (fig. 1) et 
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Fic. 1. Influence de injection de radiophosphore et du choc photodynamique 
sur la tumeur d’Ehrlich de la souris. 


atteint le taux témoin 4 un moment qui 
habituellement coincide avec la mort de 
Yanimal (causée par la tumeur d’ascite), 
c’est-a-dire 8-10 jours aprés la transplanta- 
tion de la tumeur. 


Technique basée sur l’effet Strugger: le proto- 
plasme traumatisé ou mort adsorbe une quantité 
d’orange d’acridine supérieure a celle adsorbée par le 
protoplasme vivant et intact). On peut distinguer 
la différence de concentration en se basant sur le 
fait que des solutions dissociées du colorant émettent, 
sous l’influence de l’ultraviolet, de la lumiére visible 
dont la longueur d’onde dépend de la concentration 
du colorant. Les solutions concentrées ont une 
fluorescence rouge, tandis que celles des solutions 
diluées est verte. On administre en général aux 
animaux étudiés une solution aqueuse d’orange 
d’acridine 4 0,01% rendue isotonique par le NaCl.) 


Dans les séries d’expériences que nous 
allons décrire, nous avons employé deux 
groupes égaux de souris porteuses de tumeurs 
d’ascite. Le premier groupe de dix animaux 


a regu du radiophosphore (voir plus haut), 
le second a été soumis au choc photo- 
dynamique. Jusqu’a la mort de |’animal, 
le pourcentage des cellules Strugger- 
positives a été déterminé quotidiennement. 
Chaque chiffre représente la moyenne de 
dix numérations individuelles. 

Vingt quatre heures avant Vinjection de 
radiophosphore d’une part et le choc photo- 
dynamique d’autre part, tous les animaux 
ont regu par voie intrapéritonéale 0,5 ml 
d’ascite tumoral. Vingt quatre heures aprés 
injection du _radiophosphore, le pour- 
centage des cellules Strugger-positives a été 
compté pour la premiére fois. Si le radio- 
phosphore est appliqué plus d’un jour aprés 
la transplantation de la tumeur d’ascite, 
les effets observés sont moins prononcés. 
En raison de la survie relativement courte 
des souris porteuses de la tumeur et du 
caractére assez fastidieux des numérations 
des cellules d’ascite, il est indispensable 


47 
Radiophosphore 
4 
Ww 
WY 
| 
NO ANG 
Limite 95% LY Q Yy 
Limite. G 
30 
iy 50 lo Q 
20 
Wy 
OL. 
2 
957 
as 67 6 


48 Frédéric Ludwig 


d’établir les valeurs des témoins dans un 
groupe séparé d’animaux (fig. 1). 


Le choc photodynamique a été produit de la 
maniére suivante: chaque souris a regu par voie 
intraveineuse (veine de la queue) 0,25 ml d’une 
solution aqueuse d’éosine a 0,25°% rendue isotonique 
par le NaCl. Irradiation pendant 75 min au moyen 
d’une lampe a vapeur de mercure du type Philips 
HP 125, 120 watts, distance 90cm, filtre verre 
ordinaire 12 Aprés irradiation, les oreilles 
et le nez des animaux sont oedématisés. Aprés vingt 
quatre heures, |’état des animaux est de nouveau 
normal. On n’observe aucune perte de _ poids 
sensible. 


L’injection de radiophosphore et le choc 
photodynamique produisent une augmenta- 
tion significative du pourcentage des cellules 
Strugger-positives (fig. 1). Les valeurs 
observées présentent une dispersion impor- 
tante. C’est pourquoi les courbes com- 
prennent les limites statistiques de leur 
signification.* A premiére vue, la courbe 
traduisant l’effet du choc photodynamique 
et celle représentant |’effet du radiophosphore 
apparaissent a peu prés identiques. Mais, 
ces courbes considérées de plus prés, présen- 
tent une différence essentielle: le graphique 
de l’effet photodynamique comporte deux 
sommets; aprés une chute initiale, la 
courbe remonte approchant la valeur de 
départ au bout de quarante huit heures. 

Quelle est la signification de cette dif- 
férence? On a déja montré que quarante 
huit heures aprés une irradiation subléthale 
par les rayons X, l’excrétion urinaire des 
corticostéroides chez la souris augmente.‘) 
I] est de méme établi que des malades 
cancéreux qui ont regu des doses théra- 
peutiques de rayons X montrent une chute 
du taux des éosinophiles au cours de la 
premiére semaine.“® Avec une seule injec- 
tion sous-cutanée de 100 gamma d’hydro- 
cortisone, nous pouvons provoquer chez les 
souris atteintes de tumeurs d’ascite une 
augmentation du nombre cellules 
Strugger-positives allant jusqu’a 70-80%. 
Comme la souris blanche normale élimine 
journellement 100 gamma de corticoides et 


800 gamma de cétostéroides,“*) les quan- 
tités utilisées dans l’expérience précédente 
sont donc du méme ordre de grandeur que 
celles qui peuvent étre impliquées dans la 
réponse surrénalienne. On sait depuis les 
travaux de DoucHerty et WuiTE de 1944 
que les effets cytologiques du contre-choc 
sont dus aux hormones du cortex surré- 
nalien.“” Tous ces faits donnent a penser 
que le second sommet de la courbe photo- 
dynamique résulte de l’action des corti- 
costéroides sur les cellules de la tumeur 
d’Ehrlich. Ce phénoméne pourrait donc 
étre interprété comme l’expression du 
*“contre-choc,” dans le sens ot ‘SELYE 
proposa ce terme."8) Pour vérifier ceci, nous 
avons étudié dans une troisiéme série 
d’expériences l’aspect de la courbe photo- 
dynamique chez la souris surrénalectomisée 
(fig. 2). 

L’aspect général est similaire a celui 
obtenu a partir d’animaux non-surréna- 
lectomisés, mais il n’y a plus de deuxiéme 
sommet au bout de quarante huit heures. 

I] apparait ainsi que la surrénale inter- 
vient dans ces effets a distance, mais que 
son action est secondaire a d’autres mécanis- 
mes. Un travail récent de A. EDELMANN 
sur les effets toxiques du sang des rats 
irradiés sur ceux non-irradiés nous permet 
de présumer que ce mécanisme est une 
toxicose générale a points d’attaque circon- 
scrits,7® mais cette hypothése nécessite des 
études. 

A Véchelle histologique aussi le choc 
photodynamique donne d’appréciables effets 
a distance. Au cours des expériences sui- 
vantes nous les avons étudiés dans le sarcome 
solide de Yoshida chez le rat et au niveau 
des testicules normaux du rat adulte. Mais 
pour les obtenir le choc photodynamique 
doit étre réalisé dans des conditions légére- 
ment différentes: ; 


Les expériences ont été réalisées sur des rats 
albinos males (Wistar), d’un poids approximatif de 
250g. Chaque rat recut par voie intraveineuse 
(veine du penis) 0,5 ml d’une solution aqueuse 
d’éosine a 0,25°% rendue isotonique par le NaCl. 


* Ici nous adressons nos remerciements 4 M. Gaston GaupeE du Service de Biologie du Commissariat 4 l’Energie 
Atomique pour son obligeant concours dans l’analyse statistique des résultats obtenus dans les tumeurs d’ascite. 


Fic. 4. Effet du choc photodynamique sur 
le sarcome de Yoshida, agrand.: 400 
hémalun-érosine. 


Fic. 3. Variante solide du sarcome de 
Yoshida, controle non traité, agrand: 400, 


hémalun-érosine. 
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Fic. 5. Testicule normal du rat adulte, agrand.: Fic. 6. Effet du choc photodynamique sur le testicule 
700, hématoxyline de fer d’aprés Régaud. du rat adulte, 15 jours aprés la derniére irradiation, 
agrand.: 400, hématoxyline de fer d’aprés Régaud. 


Fic. 7. Effet du choc photodynamique sur le testicule 

du rat adulte, 5 jours aprés la derniére irradiation, 

agrand.: 1200 (immersion), hématoxyline de fer 
d’aprés Régaud. 
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Pourcentage de cellules strugger- positives 


Fic. 2. Influence du choc photodynamique sur la 
tumeur d’Ehrlich de la souris surrénalectomisée. 


Ils furent soumis a une irradiation journaliére (voir 
plus haut) de quatre heures pendant une période de 
deux a quatre jours. 

Quatre semaines avant les expériences un fragment 
du sarcome solide de Yoshida fut chirurgicalement 
transplanté dans le derme. Cette tumeur dans sa 
forme solide tout au moins, présente certains avantages 
pour les expériences radiobiologiques. La cellule 
tumorale établit des relations morphologiques et 
fonctionnelles avec le mesenchyme et le systéme 
vasculaire (voir fig. 3). On obtient ainsi un tissu 
néoplasique qui présente un stroma bien défini et en 
ceci il ressemble aux tumeurs d’étiologie spontanée. 
Une bonne vascularisation, indice d’une respiration 
tissulaire assurée, conditionne les phénoménes de 
l’action photodynamique au méme titre que ceux des 
radiations ionisantes') alors qu’il est bien connu que 
le banal coup de soleil peut étre produit en l’absence 
d’oxygéne moléculaire. De plus, la transplantation 
du sarcome solide de Yoshida est toujours couronnée 
de succés. Par contre, la variante liquide de cette 
méme tumeur montre souvent une régression 
spontanée. Ce comportement la rend impropre a 


4 


des expériences requérant une distinction valable 
entre les regressions spontanées et expérimentalement 
provopuées. 2) 


Aprés quatre semaines, le transplant 
atteint un diamétre de 2 cm et sa périphérie 
est légérement saillante. Le choc photo- 
dynamique réalisé par une irradiation de 
quatre heures, renouvelée quatre fois (voir 
plus haut), produit, une régression visible 
des dimensions de la tumeur. Ce change- 
ment est manifeste au bout de quarante 
huit heures. L’involution de la tumeur se 
poursuit pendant dix jours, dans certains 
cas le fragment est alors réduit a la dimension 
d’un petit pois. La tumeur demeure en- 
suite de taille constante pendant une période 
variable avant de reprendre sa croissance. 
Chez les rats photosensibilisés, les tumeurs 
ont tendance a s’ulcérer et a se vider de 
leurs parties nécrotiques. Apparemment, la 
cicatrisation ne peut étre obtenue par le 
choc photodynamique méme lorsque celui- 
ci est appliqué de facon répétée. Nos 
expériences ne nous permettent pas de con- 
clure si le sarcome de YosHIpDA acquiert ou 
non une résistance contre les actions photo- 
dynamiques ultérieures. 

La fig. 4 montre la coupe histologique 
d’un sarcome de Yoshida ayant subi des 
chocs photodynamiques appliqués selon le 
rythme précédemment deécrit. L’animal a 
été sacrifié au bout de dix jours. Les lésions 
histologiques sont évidentes. La_photo- 
graphie est un bon exemple de ce que nous 
voyons dans nombre de nos coupes. L’aug- 
mentation et la solidification de la substance 
fondamentale (qui est dans notre coloration 
tri-chrome de couleur jaune vif) s’accom- 
pagne de nombreux noyaux pycnotiques et 
de débris nucléaires, avec des aspects de 
telangiectasies—lésions qui ont une ressem- 
blance indiscutable avec les effets des 
rayons X. 

Nous avons étudié aussi les effets du choc 
photodynamique dans |’épithélium germinal 
des rats adultes males. I] a été déja dit 
que les lésions radiobiologiques des testicules 
réalisées par irradiation totale du corps 
sont obtenues principalement par les effets 
a distance,°) proposition qui n’a pu étre 
confirmée par des expériences ultérieures. (2%) 
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Les effets photodynamiques a distance 
dans l’épithélium germinal peuvent étre 
mis en évidence, mais ces effets, comme le 
montrent nos expériences, sont moins frap- 
pants que ceux constatés dans le sarcome 
de Yoshida. 

La fig. 5 montre une coupe de testicules 
intacts. Les cellules de Leydig ont des 
noyaux trés sombres. Dans la fig. 5 le 
cytoplasme de ces cellules présente une 
granulation a gros grains, phénoméne qui 
est particuli¢rement net dans des coupes 
traitées a ’hématoxyline ferrique comme les 
notres. Dans la fig. 5, la substance inter- 
sticielle est parcourue par un _vaisseau 
relativement important. Dans la méme 
coupe, on reconnait toutes sortes de cellules 
appartenant a la série germinative: les 
spermatogonies en €étroit contact avec la 
membrane basale, entre elles les cellules de 
SEeRTOLI. Des spermatocytes et des sperma- 
tozoides peuvent étre aisément distingués. 

Les fig. 6 et 7 montrent l’effet du choc 
photodynamique sur cet épithélium. Dans 
la fig. 7 il y a un dépeuplement marqué de 
celui-ci particuliérement en spermatogonies 
et en spermatocytes. Avec la fig. 6, nous 
sommes en présence d’un cas ot la derniére 
irradiation remonte a deux semaines. Quel- 
ques spermatogonies seules subsistent ce 
qui, nous le savons bien, se présente aussi 


dans l’effet des rayons X. D?’autres plages 
des mémes coupes ne montrent aucun effet; 
il y a des tubules complétement intacts. 
Le détail le plus intéressant dans cette coupe 
est augmentation du nombre des cellules 
de Sertoli. Leurs noyaux avec leurs gros 
nucléoles caractéristiques recouvrent la mem- 
brane basale en certains endroits. D’autre 
part, les mitoses de spermatocytes peuvent 
étre observées et la disparition des cellules 
germinatives n’est pas aussi importante que 
augmentation du nombre des ccllules de 
Sertoli pourrait le laisser prévoir. Le 
dépeuplement de l’épithélium est trés net, 
mais il n’est pas trés caractéristique quand 
on le compare avec l’effet des rayons X. 
La figure par son aspect général rappelle 
celui que l’on rencontre au cours des ca- 
chexies, dans les infections ou les intoxica- 
tions, dont les effets sur l’épithélium germi- 
natif ont été bien étudiés depuis longtemps. 

I] doit étre souligné qu'il est impossible 
a Vheure actuelle d’établir, sur la base de 
constatations histologiques, une distinction 
entre les effets d’une substance toxique 
présumée d’origine photochimique d’une 
part et ceux des hormones cytolytiques du 
cortex surrénal d’autre part, qui, comme 
montré les expériences mentionnées 
plus haut, avec la tumeur d’ascite, inter- 
ferent dans le mécanisme des effets a distance. 
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Radioisotope Myelography* 


FRANZ K. BAUER? and ERIC T. YUHL 


(Received 1 October 1956) 


Space-occupying lesions of the spinal canal can be detected with ease by means of scanning 
of the patient’s back following the instillation of a gamma emitting tracer agent into the 
subarachnoid space. The method described uses radioiodinated human serum albumin as 
the tracer agent. This substance is considered to be a homologous protein which diffuses 
readily throughout the subarachnoid space and is removed intact into the blood-stream 
within several hours after the intrathecal injection. The advantages of the method are: 
(1) the fact that the procedure can be done on an out-patient basis, since only one lumbar 
puncture is necessary, (2) no elaborate X-ray facilities are necessary, and (3) that the tracer 
agent does not have to be removed as is the case with radiopaque media such as pantopaque. 

Radioisotope myelography has been accurate in thirty of the thirty-four patients in whom 
it was technically satisfactory. In three patients it was technically unsatisfactory. It is not 
designed to supplant oil myelography, since small lesions cannot be detected by scanning, 
whereas they may be detected by fluoroscopy and different views on the roentgenograms. 


MYELOGRAPHIE A L’AIDE DE RADIOISOTOPES 


On peut détecter facilement des lésions étendues du canal spinal en établissant un relevé de 
la radioactivité du dos du patient aprés instillation dans l’espace subrachnoidien d’un traceur 
a émission gamma. Dans la méthode décrite on utilise comme traceur |’albumine du sérum 
humain radioiodurée. Cette substance est considérée comme une protéine homologue qui 
diffuse facilement a travers l’espace subrachnoidien et se retrouve intacte dans le sang quelques 
heures aprés l’injection intrathécale. Les avantages de la méthode sont: (1) le fait que le 
procédé n’exige pas l’hospitalisation du patient, puisqu’il suffit d’une ponction lombaire; (2) il 
ne nécessite pas d’installation complexe de rayons X; (3) le traceur n’a pas a étre éliminé 
comme avec les substances opaques aux rayons X, telles le “‘pantopaque”’. 

La myélographie aux radioisotopes a donné des résultats exacts chez 30 patients sur les 34 
cas ou la technique était satisfaisante. Dans trois cas la technique ne |’était pas. La méthode 
n’a pas pour objet de supplanter la myélographie grasse car les petites lésions ne sont pas 
détectées par la radioactivité tandis qu’elles peuvent |’étre par fluoroscopie et a l’aide de 
rontgenogrammes. 


C TOMOINBIO U30TOIOB 


MyTeM U3MepeHMA AKTMBHOCTH NO3BOHOUHMKA Malena, 
Ba B CyOapaxHOMHOe MpocTpaHCcTBO TaMMa-AKTHBHOPO MHMKaTopa. 
OnucbinaeTcA MeyeHOrO CHIBOpOTKH YeTOBeKa B KayecTBe 
MHUKaTOpHOrO BeulecTBa. OTO CuMTaeTCA TOMOJOrOM KOTOpHIii 
vepes MpOCTpaHCTBO M BEIBOAUTCH MHTAKTHO B KPOBOTOK 
ABUAWTCH : 1) TO, YTO Ha OCHOBE, MOCKOIbKY 
ona TpeOyeT TOAbKO 2) oHa He TpeOyer PeHTTeHOBCKOIi 
ycTaHOBKH 3) He HYAKHO Kak B Clyyae 


* From the Radioisotope Service, Wadsworth Hospital, Veterans Administration Center, Los Angeles, Calif., 
and the Departments of Medicine and Surgery, University of California at Los Angeles Medical Center. 
+ Present address: Los Angeles County Hospital, 1200 North State Street, Los Angeles 33, Calif. 
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TAaTH M OKasalach TEXHMYeCKM B 30-TH 34-x cay4uaes. 3 MalMeHTOB OHA 
oKa3zalach Ona He 3aMeHAeT MaCJIAHY!O Tak Kak 
He NO3BONAeT OOHAPYARUTH NOBPe*KCHUA, MOAKHO 
pockonneit C peHTreHorpaMM. 


RADIOISOTOPEN MYELOGRAPHIC 


Raumverdraengende Laesionen des Rueckenmarkskanales koennen leicht mittels eines 
Szintillationsrohres, das mechanisiert ueber den Ruecken des Patienten gleitet und die Gamma- 
strahlen des intrathekalen injizierten Jod-131 Albumin misst, festgestellt werden. Radioaktives 
Jod markiertes Albumin wird durch Lumbalpunktion eingespritzt; 100 bis 200 Microcuries 
genuegen. Diese Substanz wird intakt vom Liquor in das Blut uebertragen und ist in einigen 
Stunden aus dem Liquor ausgeschieden. Der Vorteil der Methode gegenueber Ocelmyelo- 
graphie besteht darin, dass das Albumin nicht nach der Myelographie durch die Injektions- 
nadel entfernt werden muss. Die Untersuchung kann ambulant gemacht werden. Roent- 
genapparatur ist nicht noetig. 

Die Methode der Radiojod Myelographie wurde bei 37 Patienten gemacht. Drei waren 
technisch nicht gut; bei den anderen 34, 30 zeigten die Laesion. Die beschriebene Methode 
kann nicht die konventionelle Oelmyelographie vertreten, da kleine Laesionen nicht “‘gesehen”’ 
werden koennen, waehrend sie mit Durchleuchtung und Seitenaufnahmen mit Roentgen- 


bildern festgestellt werden koennten. 


A NEW technique of myelography, using 
radioactive iodine, has been described in 
a previous communication.” ‘The procedure 
employs radioiodinated human serum al- 
bumin (RISA) as the tracer agent and the 


automatic scintiscanner®) to detect and 
record the gamma radiation from I[!*. 


The visual record obtained has been termed 
the “‘myeloscintigram.” 

It is the purpose of this report to describe 
our clinical experiences with this new 
technique in a series of thirty-seven patients 
and to discuss the clinical applications of 
the procedure. 


METHOD 


The patient’s thyroid gland is blocked 
by a few drops of Lugol’s solution preceding 
the injection of RISA and for a few days 
following the injection. 

A conventional lumbar puncture is per- 
formed under aseptic conditions, and a 
dose of 200 microcuries of RISA (in 1 ml 
or less), is introduced into the subarachnoid 
space through the spinal needle. ‘The 
bevel of the needle is directed caudally 
in order to insure adequate delivery of 
the tracer agent into the cul-de-sac (Fig. 1). 
The needle is removed, and the patient is 
placed in the prone position on a level 
examining table. The scintiscanner is set 
to scan the lumbosacral portion of the spine. 
The entire procedure, including lumbar 
puncture and scanning, is completed within 
15 or 20 min. 

In order to determine the anatomic 
location of the filling defect observed on 
the scintigram, two lead discs, each } in. 


in diameter and }in. in thickness, are 
treated on one surface with radioactive 
antimony (Sb!*°), These discs are taped to 
the skin of the patient’s back at the level 
of the iliac crest, 2in. to either side of 
the midline, with the treated surface away 
from the skin. As the scintillation counter 
scans the discs, the radiation from the Sb!”° 
is recorded on the scintigram (Fig. 2). 
Upon completion of the scanning, an antero- 
posterior radiograph of the lumbar spine 
may be obtained. The discs are plainly 
visible on the radiograph. The scintigram 
is then compared to the radiograph and the 
anatomic relationships are easily determined. 

In the preliminary series, a dose of 100 
microcuries of RISA was used.) This dose 
is probably satisfactory when the RISA is 
injected in the immediate vicinity of a well- 
defined lesion. However, a dose of 200 
microcuries has been found to yield superior 
technical detail. 
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Fic. 1. Shows the position of the needle during the lumbar puncture. 
The bevel should be directed caudad. 
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Fic. 2. Myeloscintigram of a patient with chondrosarcoma of the spine producing a 
compression of the spine. The two areas of radioactivity to each side of the filling defect 
represent the antimony-125 coated discs which had been taped to the patient’s back. 
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Fic. 3. Myeloscintigram of a patient with protruding intervertebral disc. The arrow 
points towards the decreasing concentration of radioactivity at the site of the lesion, 
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RESULTS 


Thirty-seven patients have been subjected 
to myeloscintigraphy. Thirty-two of these 
patients were thought to be suffering 
from herniation of a lumbar intervertebral 


/ 


firmed at subsequent operation. The other 
seven were discharged from the hospital 
without operation. In the five patients in 
whom oil-contrast myelograms were not 


Fic. 4. Myeloscintigram shown in Fig. 3 reduced to size to show 
anatomic landmarks. 


disc and the other five were suspected of 
having malignant tumors metastatic to the 
spine. 

Thirty-two of the thirty-seven patients 
had had conventional oil contrast myelo- 
grams performed within 14 days before 
being subjected to myeloscintigraphy. In 
twenty-five of these thirty-two patients, the 
size and location of the lesion were con- 


obtained, the location and size of the lesion 
were confirmed at operation in three patients 
and at an autopsy in the other two. 

The oil-contrast myelogram was techni- 
cally satisfactory in twenty-five of the thirty- 
two patients. In three patients the oil was 
dispersed into minute bubbles and the radio- 
graphs were unsatisfactory for diagnostic 
purposes. In two patients the oil was 
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deposited in the epidural space, and in the 
remaining two patients the radiograms were 
considered unsatisfactory for interpretation. 
The lesion was correctly localized in twenty 
of the twenty-five patients who had satis- 
factory myelograms. In five patients no 
filling defect was observed. 

The scintigram was technically satisfactory 
in thirty-four of the thirty-seven patients. 
In three patients, inadequate delineation of 


the subarachnoid space was obtained due to 
the introduction of an insufficient amount of 
RISA. Scintigraphy localized the lesion cor- 
rectly in thirty of the thirty-four patients who 
had satisfactory scintigrams. No false positive 
results were obtained in this series by either 
oil-contrast myelography or by scintigraphy. 

Figs 3 and 4 show the typical myeloscinti- 
gram of a patient with protruding inter- 
vertebral disc. 


DISCUSSION 


Although this series of thirty-seven 
patients is small, certain preliminary remarks 
are warranted. 

Ford and his associates have recently 
analyzed 100 consecutive oil-contrast myelo- 
grams and observed a diagnostic accuracy 
of approximately 60°. Both false-positive 
and false-negative results were not infre- 
quently encountered. It would seem, there- 
fore, that an additional procedure, such as 
myeloscintigraphy, would be a welcome 
addition to the diagnostic armamentarium 
of the neurologist and neurosurgeon. In 
these thirty-seven patients the accuracy was 
approximately equal for both procedures. 

Radioisotope myelography several 
advantages over oil-contrast myelography. 
We recommend doing myeloscintigraphy at 
the time of the initial diagnostic lumbar 
puncture in patients in whom a space- 
occupying lesion is suspected. These 
patients almost invariably are subjected to 
a diagnostic lumbar puncture for the deter- 
mination of spinal-fluid dynamics, cell count, 
and protein concentration. At that time, 
after dynamics have been studied and 
samples of spinal fluid removed for examina- 
tion, the tracer dose of RISA should be 
injected. The patient can be scanned 
immediately following this initial lumbar 
puncture. Since the initial diagnostic punc- 
ture can be performed on an out-patient 
basis, no elaborate facilities are needed. 
The isotope myelogram may be repeated 
within 24 to 48 hours, since no trace of 
the radioactive albumin is demonstrable in 
the subarachnoid space after that length 
of time. It is well known, however, that 


in many instances not all of the oil-contrast 
medium can be aspirated from the sub- 
arachnoid space. If the radiographs are 
technically unsatisfactory, the residual oil 
may interfere with subsequent repetition 
of the procedure. In addition, some 
clinicians feel that the residual oil may 
play a role in the development of the 
arachnoiditis occasionally observed after 
myelography. 

Several other advantages of the new 
technique have been observed. It produces 
less discomfort to the patient than conven- 
tional myelography, because in isotope 
myelography the spinal needle is removed 
immediately after the injection of the RISA. 
Additional discomfort is avoided at the 
completion of the procedure, since the RISA 
need not be aspirated. Furthermore, an 
accidental deposition of the oil medium in 
the epidural space results in unsatisfactory 
radiographs and may interfere in the inter- 
pretation of subsequent films. Since RISA 
is rapidly absorbed, an accidental epidural 
deposition does not interfere with sub- 
sequent performance of the procedure. 
Lastly, the dispersion of the oil in the sub- 
arachnoid space into small bubbles not 
infrequently results in radiographs which 
are unsatisfactory for diagnostic purposes. 
This additional source of technical error 
does not occur in radioisotope myelography. 

The dose of RISA used in this procedure 
is comparable to the dose used in numerous 
other diagnostic procedures involving radio- 
isotopes. Since the injected material 
is rapidly diluted by the spinal fluid and 
is promptly removed from the subarachnoid 
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space, the radiation hazard is minimal. 
It should also be pointed out that the central 
nervous system is one of the most radio- 
resistant tissues of the body. 

Four of the patients in this series com- 
plained of headache following the procedure. 
Chills and temperature of 103°F developed 
in one patient 3 hours after myeloscinti- 
graphy. Eighteen hours later the patient 
became afebrile and asymptomatic. This 
episode was interpreted as representing a 
pyrogenic reaction. Presumably the pyrogen 
was in the spinal set, since specific tests for 
the presence of pyrogens in the RISA were 
performed by the manufacturer and were 
negative.'®) In addition, four patients who 
received an intravenous dose of RISA from 
the same vial did not experience any un- 
toward reaction. No other complications 
were encountered. 

In two patients not included in this 
series, an attempt was made to obtain 
cervical myelograms by injecting RISA in 
the lumbar subarachnoid space. Although 
the injected material could be observed to 
travel cephalad in a matter of minutes, 
the dilution of the radioisotope by the 
spinal fluid was so great that insufficient 
detail was observed in the cervical area. 
For this reason, the application of the myelo- 
scintigram has been limited to patients who 


were suspected of having a lesion in the 
lumbar area. 

From our observations, it would seem 
that isotope myelography might be a simple 
and useful screening procedure in _ the 
diagnosis and localization of space-occupying 
lesions, such as neoplasms and _ herniated 
intervertebral discs. It can be done at the 
time of the initial diagnostic lumbar punc- 
ture without elaborate preparation of the 
facilities of an X-ray department. Since 
the visual record of the distribution of 
radioactivity is obtained under the operator’s 
eye, a positive result can be obtained within 
minutes of the lumbar puncture. The 
patient does not have to be kept on the X- 
ray table until X-ray films have been 
developed, and painful aspiration of the 
contrast medium is eliminated in myelo- 
scintigraphy. 

Although the procedure is not intended 
to supplant oil-contrast myelography, one 
procedure may often complement or supple- 
ment the other. Thus, if a filling defect is 
observed on the myeloscintigram, proper 
therapy can be instituted. If the scintigram 
is not conclusive, however, oil-contrast 
myelography should be performed. Con- 
versely, if a technically unsatisfactory oil- 
contrast myelogram is obtained, a myelo- 
scintigram might yield information. 


SUMMARY 


1. The technique of radioisotope myelo- 
graphy is reviewed. 

2. Myeloscintigraphy has been performed 
in a series of thirty-seven patients, and the 


results are presented. 
3. The clinical applications and advan- 
tages of this procedure are discussed. 
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The described method allowed good control of the degree of iodination which can be 
calculated fairly accurately if it is assumed that incorporation of carrier iodine parallels 
that of radioactive iodine. The possibility of denaturation or other damage to the protein 
is diminished by the use of an iodination solution free of oxidizing agents other than iodine 
itself. Using a crystalline glucagon preparation, incorporation of 15 to 25% of the totally 
employed radioactivity was obtained. 


UNE TECHNIQUE AMELIOREE DE MARQUAGE DES PROTEINES AVEC [4 


La méthode décrite permet une bonne détermination du degré d’oiduration qu’on peut 
calculer avec une bonne précision si on admet que l’incorporation de l’iode entraineur est 
paralléle a celle de l’iode radioactif. Le risque de dénaturation ou autre détérioration de la 
protéine est réduit par l’utilisation d’une solution d’ioduration dépourvue d’agent oxydant 
autre que l’iode lui-méme. Avec une préparation de glucagon cristallin, on obtient |’incor- 
poration de 15 a 25% du corps radioactif employé. 


YCOBEPINEHCTBOBAHHBIM CHOCOB METRIT BEJIROB 
W80TONOM 

MeTO], KOHTPOJIMpOBaTh CTeMeHb KOTOPaH MOKeET 
OLITh TOYHC, CCIM MPHHATH, YTO HOLA HOCHTEIA 
WIM Wpyroro MpuMeHAIOT pacTBOop, OT 
BCAKUX OKMCIAIONMX areHTOB, KpomMe Ilyrem mpemapata 
pajuOakTHBHOCTH. 


EIN VERBESSERTES VERFAHREN ZUR J-131 MARKIERUNG 
VON PROTEINEN 

Die beschriebene Methode gestattet eine gute Kontrolle des Jodierungsgrades, welcher sich 
ziemlich genau berechnen lasst, wenn angenommen wird, dass der Einbau des inaktiven Jods 
mit dem des radioaktiven Jods parallel verlauft. Die Méglichkeit einer Denaturierung oder 
einer anderen Schadigung des Proteins wird herabgesetzt, wenn die Jodierungslésung ausser 
dem Jod kein weiteres oxydierendes Agens enthalt. Bei Verwendung von kristallinen 
Glucagon-Praparaten gelang der Einbau von 15-25% des insgesamt verwendeten radioaktiven 
Materials. 


In order to label a protein with radioiodide, radioiodide mixture.”:?) Oxidation and 
it is necessary to oxidize the iodide to iodination thus take place in the same 
elemental iodine, which then reacts with vessel. These conditions may result in 
the protein molecule. In several commonly uncontrollable and nonspecific structural 
employed procedures this is accomplished and chemical changes in the protein. The 
by adding an oxidizing agent to a protein- metabolic behavior of such “denatured” 
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protein may differ from that of the “native” 
protein. Biological study of the former may 
lead to erroneous conclusions, as was illu- 
strated recently by the work of McFARLANE 
et al.°) These investigators showed that the 
metabolic half-line of radioiodinated rabbit- 
plasma albumin and globulin depends to 
a certain extent on the iodination procedure 
employed. 

The purpose of this report is to describe 
an iodination technique devised to eliminate 
or decrease the potential danger of dena- 
turing the protein as a result of contact 
with oxidizing agents, other than iodine 
itself. The procedure was devised specifically 
for radioiodinating glucagon, but can be 
applied to other polypeptides or proteins. 

It is evident from the stoichiometric 
equation (1) that determined amounts of 
iodine are liberated promptly upon acidifi- 
cation of a mixture of KI and KIO,: 


5KI + KIO, + 3H,SO, > 
3I, + 3K,SO,+3H,O (1) 


The use of high specific activity radioiodide 
(1-245 «x 10®mc/mg) makes it possible to 
mix potassium iodide with any practical 
amount of the radioactive material without 
disturbing the stoichiometry of the above 
equation. ‘This reaction thus offers the 
possibility of liberating radioiodine in mixture 
with any desired amount of carrier iodine. 
However, commercially available I?*! (Oak 
Ridge National Laboratory) contains varying 
amounts of Na,SO;, which interferes with 
reaction (1). Sulfite would be oxidized to 
sulfate at the expense of all or part of the 
liberated iodine. ‘The undesirable com- 
ponent can be removed, as shown by 
equation (2): 
Na,SO, + H,SO, > NaSO, > 
H,O + SO, (2) 
The radioiodide solution is acidified and 
refluxed gently for approximately 20 min. 


Radioassay of the solution after refluxing 
revealed no significant loss of radioactivity.* 


Distillation apparatus 
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Fic. 1. Distillation apparatus used for the radioiodination 
of glucagon. 


Carrier and radioiodine can be liberated 
without difficulty by adding stoichiometric 
amounts of KI and KIO;. Although, 
theoretically, there should not be an excess 
of the oxidizing agent present, it was found 
desirable to separate the iodine from the 
remaining reaction mixture by distillation. 
This step was carried out using the simple 
apparatus illustrated in Fig. 1. It was not 
determined whether the indicated dimen- 
sions are critical. However, it was found 
that a distillation flask of 50-ml capacity 
assures smooth operation. The total volume 
in this flask should not exceed 7 ml and 
the rate of flow of the cooling water through 
the condenser should be adjusted so that 
redissolution of sublimed iodine takes place 
in the inner portion of the condenser. Under 
optimum conditions, 85-95°% of the iodine 
and a corresponding percentage of radio- 
activity can be recovered in the distillate. 
This necessitates distillation of 2-5 to 3 ml 
of fluid. Traces of iodine vapors, which 
escape at the beginning of the distillation, 
are trapped by 1-2 ml of water placed in 
the condensation vessel. A very gentle 
vacuum may be applied at the side arm of 
this vessel if faster distillation is desired. 


* It should be pointed out that aging or high specific activity may generate peroxides which upon acidification 
may liberate iodine. Losses of radioactivity, therefore, might occur unless precautions are taken; i.e. careful refluxing. 
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EXAMPLE OF IODINATION PROCEDURE 


(a) Preparation of the iodinating solution 


8 mc of carrier-free radioiodide were placed 
into the distillation flask and mixed with 
1-5 ml of 2 N sulphuric acid. The mixture 
was gently refluxed for 20 min and allowed 
to cool to room temperature. Potassium 
iodide (0-634mg) and potassium iodate 
(0-1632 mg) dissolved in 4 ml of water were 
then added. The liberated iodine was care- 
fully distilled off and collected in the con- 
densation vessel as described above. This 
condensate is designated solution A. 


(b) Lodination of glucagon 


2 mg of crystalline glucagon* were sus- 
pended in 1 ml of water and dissolved by 
adding two drops of 0.2°/, sodium hydroxide. 
This solution was mixed with | ml of 0-5 M 
glycine buffer of pH 9-5. Solution A was 
then added drop by drop, keeping the pH 
between 9-3 and 9-5 throughout the iodi- 
nation by means of a pair of micro-electrodes 
inserted in the glucagon solution. The 


iodinated polypeptide was transferred to a 
pencil-sized cellophane membrane and dia- 
lysed against 4 litres of distilled water for 
one hour for removal of the major part of 


free radioactive iodide. The membrane was 
then transferred to 3 litres of fresh water 
and dialysis was continued for 20-24 hours, 
using at least two additional water changes. 
This procedure was sufficient to remove 
practically all free iodide, since only 2% 
of the radioactivity remained in the super- 
natant after precipitation with protein preci- 
pitating agents. The specific activity of the 
I'31-g]ucagon thus obtained was 800 ywc/mg. 
Further properties of the labeled glucagon 
preparation will be described elsewhere. 

The described method allowed good 
control of the degree of iodination, which 
can be calculated fairly accurately if it is 
assumed that incorporation of carrier iodine 
parallels that of radioactive iodine. The 
possibility of denaturation or other damage 
to the protein is diminished by the use of 
an iodination solution free of oxidizing agents 
other than iodine itself. Using a crystalline 
glucagon preparation, incorporation of 15— 
25% of the totally employed radioactivity 
was obtained. 
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La radioactivité spécifique du sang et du liquide d’ascite a été étudiée, en fonction du temps 
aprés administration d’eau tritiée chez dix-huit malades cirrhotiques porteurs d’ascite. Les 
voies orale, intraveineuse et péritonéale ont été employées isolément ou successivement chez 
certains malades. 

Les perturbations du métabolisme de l’eau, dies a la présence de I’ascite et des autres 
liquides pathologiques, se traduisent par l’existence d’un “terme exponentiel lent”’ (identifié par 
analyse graphique des courbes expérimentales), par l’augmentation, dans 30°, des cas, de la 
fraction du poids du corps représentée par l’eau totale, et par un allongement de la “‘période 
biologique”’ de l’eau. 

Le renouvellement de l’ascite s’effectue 4 un rythme variant, suivant les malades, de 40 a 
120°% par heure. Ce taux de renouvellement, qui ne peut étre fixé que dans des conditions bien 
précises, parait en relation avec le pronostic. 

Les données expérimentales obtenues au cours des épreuves jumelées (orale et intraveineuse) 
mettent en évidence le réle des troubles circulatoires du systeéme porte dans les échanges de 


l’indicateur entre le sang et le liquide d’ascite. 


STUDY OF WATER METABOLISM IN CIRRHOTIC PATIENTS WITH 
TRITIATED WATER 


The specific radioactivity of the blood and of the ascitic fluid has been studied, versus time, 
after the administration of tritiated water to eighteen cirrhotic patients with ascitis. The modes 
of administration were oral, intravenal, and peritoneal, either singly or successively for certain 
patients. 

The disturbances of the water metabolism, due to the presence of ascitis and of the other 
pathological fluids, show themselves by the existence of a “‘slow exponential term”? (isolated by 
graphical analysis of the experimental curves), by the increase, in 30% of the cases, of the 
fraction of the body weight represented by the total water, and by a prolongation of “‘the 
biological half-life” of the water. 

The turnover rate of the ascitis is between 40 and 120% an hour, according to the patient. 
This turnover rate, which can be fixed only in very accurate conditions, seems to be correlated 
to the prognosis. 

The experimental results obtained in the course of the double experiments (oral and intra- 
venous) show the role of the circulatory troubles in the portal system, in the exchanges of the 
tracer between the blood and the ascitic fluid. 


BOJTHOTO OBMEHA Y C ACIMTOM 
TPM BObI, TPUTMEM. 


MccueqopaHa KpOBM M AMAKOCTH B 
BpeMeHM, BBeqeHHA 18-TM WMppoTMKaM aCIIMTOM MeyeHOit TpuTHem. Boga 
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MULKOCTeli OOHAPYAUBAIOT TO MeWIeCHHOM 
BeCa OpraHM3Ma, Ha OObeM BoE (30% paccCMOTpeHHBIX 

OO6meH B aCHMTHOM AMAKOCTH WIA pasIMYHbIX MalMeHTOB CocTaBaAeT OT 40 120% 
yac. CKOPOCT OOMeHAa, KOTOPaAH MOKeT OLITh OMpeedeHa TOUbKO OYe€Hb TOUHOM 
OMbITA, HAXOAUTCA NOBUAMMOMY B OT IporHos3a. 

cucteme. OO MOKHO CYUTb 10 M30TOMHOMY OOMeHY KPOBbIO 


UNTERSUCHUNGEN UBER DEN WASSERSTOFFWECHSEL BEI 
ZIRRHOTIKERN MIT HILFE VON TRITIUMHALTIGEM WASSER 


Bei achtzehn zirrhotischen Aszitespatienten die tritiumhaltiges Wasser erhalten hatten, 
wurde die Radioaktivitat des Blutes und des Aszites in Abhangigkeit von der Versuchszeit 
bestimmt. Bei einer Gruppe von Patienten wurde das Isotop auf peroralem, parenteralem 
oder peritonealem Wege verabfolgt, bei einer andern erfolgten diese Anwendungsarten 
nacheinander. 

Die durch das Vorliegen des Aszites und anderer pathologischer Fliissigkeitsansammlungen 
bedingte Stérung des Wasserhaushaltes gibt sich dabei folgendermassen kund: ein langsamer 
exponentieller Abfall (der durch graphische Analyse der Experimentalkurven ermittelt wird), 
ausserdem bei dreissig Prozent der Falle Gewichtszunahme des organismischen Wasservolumens 


OL. 

y) sowie eine Verlangerung der biologischen Halbwertszeit des Wassers. 

957 Der Turnover des Aszites betragt je nach dem Fall vierzig bis hundertzwanzig Prozent/ Stunde. 
Dieser Wert, der nur unter bestimmten Voraussetzungen ermittelt werden kann, hat prognos- 


tische Bedeutung. 
Die durch kombinierte Zufuhr (peroral und parenteral) erhaltenen Ergebnisse weisen auf 


die Rolle des Pfortadersystems im Austausch zwischen Blut und Aszites hin. 


L’frupE du métabolisme de l’eau chez les 
ascitiques a été envisagée sous des aspects 
divers: variations de la composition des 
différents milieux en électrolytes et en 
protides, troubles de la perméabilité, per- 
turbations hémodynamiques dans le terri- 
toire porte, régulation hormonale des mouve- 
ments de l’eau (hormone antidiurétique et 
aldostérone, en particulier); aucune de 
ces méthodes ne renseigne sur limpor- 
tance des échanges liquidiens entre les 
différents compartiments de lorganisme. 
Ce type d’information ne peut étre obtenu 
que par l’emploi de l’oxyde de deutérium 
(D,O) ou de tritiée (HTO) comme 
“indicateurs” de l’eau. 

Ces deux indicateurs ont été largement 
utilisés pour déterminer le comportement de 
dans l’organisme: aprés HEvEsy et 
Horer,") l’un de nous a étudié l’absorption 
et la répartition de l’oxyde de deutérium 
dans l’organisme humain.'?) SCHLOERB et 
coll. en 1950,‘%) ont déterminé par la 
méthode de dilution isotopique, l’eau totale 


de l’organisme chez homme au moyen de 
D,O; Epetman') a étudié en 1952 les 
échanges de l’eau entre le sang et les tissus 
et a fixé les caractéres de l’équilibre de D,O 
dans l’eau de l’organisme. 

Pace et coll. en 1947 préconisent et 
utilisent le tritium sous forme de HTO 
pour la détermination, in vivo, de l’eau 
totale du corps; Pinson et ANDERsSON‘®) 
étudient la période biologique de leau 
tritiée chez homme et montrent que la 
radioactivité spécifique du tritium est la 
méme dans les différents liquides ou sécrétions 
de l’organisme quelques heures aprés l’ad- 
ministration de l’eau tritiée. Srret? en 1952 
étend l’étude de l’eau totale du corps, au 
moyen de HTO, a cent sujets normaux. 

En clinique humaine, et en particulier 
pour l’étude des échanges hydriques chez 
les cirrhotiques ascitiques, l’emploi de HTO 
comme indicateur de l’eau est particuliére- 
ment séduisant. Les travaux publiés dans ce 
domaine sont encore trés peu nombreux 
et n’ont abordé que quelques aspects du 
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probléme. PRENTICE et coll.) en 1952 ont 
présenté une étude du renouvellement (‘“‘turn- 
over” des auteurs anglo-saxons) de l’ascite 
aprés injection d’eau tritiée par voie veineuse 
ou par voie péritonéale, chez six malades. 

Le but de cette étude a été de préciser, 
dans un premier temps, chez ce type de 
malades, les mouvements de l’eau entre 
les différents compartiments liquidiens, indé- 
pendamment des causes qui les provoquent 
et des phénoménes qui les accompagnent. 
Nous avons eu recours a l’administration 


d’eau tritiée par différentes voies: orale, 
intraveineuse, péritonéale, et nous avons 
étudié simultanément la variation de la 
radioactivité spécifique du sang et du 
liquide d’ascite, en fonction du _ temps, 
pendant une période de 2 a 4 heures aprés 
Vadministration de l’indicateur. L’étude de 
la décroissance de la radioactivité spécifique 
de lurine, poursuivie pendant 20 a 30 
jours chez ces mémes malades, nous a permis 
en outre de préciser la période biologique de 
Peau chez les ascitiques. 


1. METHODES EXPERIMENTALES 


Administration de l'eau tritiée 

Tous les malades ont recu une dose de tritium de 
3 ou 4 mc sous forme d’eau tritiée.* 

L’épreuve a été pratiquée chez des malades couchés, 
mis au repos depuis plusieurs jours, soumis a un 
régime de restriction sodique, lipidique et hydrique, 
a jean depuis la veille au soir, mais ayant absorbé 
environ 200 ml de café 2 heures avant le début de 
l’épreuve. 

L’eau tritiée a été administrée par voie orale, par 
voie intraveineuse ou par voie péritonéale. Dans le 
cas de la voie orale, la dose d’eau tritiée a été diluée 
dans 60 ml d’eau ordinaire. Par voie intraveineuse 
ou péritonéale, l’eau tritiée a été injectée sous forme de 
soluté isotorique de chlorure de sodium a 9 pour mille 
(5 ml), aprés passage sur bougie et stérilisation a 
l’autoclave a 120°C. 


Prélévements des échantiilons 

Les prélévements, au cours des deux heures suivant 
l’administration de l’eau tritiée, ont été effectués au 
moyen d’un trocart a demeure placé dans une veine 
du pli du coude pour les échantillons de sang veineux, 
et dans la fosse iliaque droite pour les prélévements de 
liquide d’ascite. Ils ont débuté 5 minutes aprés 
l’administration d’eau tritiée, et ont été poursuivis 
suivant un horaire type, chez la majorité des malades, 
a 15, 30, 45, 60, 90, 120 ou 150 minutes. Cette série 
de prélévements a été complétée par une prise de 
sang et une prise de liquide d’ascite effectuées 24 
heures apres. 

Le premier prélévement (5 minutes) n’a pas été 
effectué en général au cours des épreuves par ingestion. 
Dans certains cas un prélévement supplémentaire a 
été effectué a la 3éme ou a la 4¢me heure. 

Dés le surlendemain, des prélévements d’urine 


quotidiens—urines émises entre 8 et 10 heures du 
matin—ont remplacé les prélévements de sang et de 
liquide d’ascite, l’équilibre étant établi entre les 
différents liquides de l’organisme. Ils ont été pour- 
suivis pendant 20 a 30 jours suivant les cas. 

A titre de vérification, des prélévements de sang et 
de liquide d’ascite ont été effectués simultanément 
aux prélévements d’urine, a intervalles variés, chez 
quelques malades, au cours de cette période. 


Dosage du tritium 

Il a été effectué par la méthode et au moyen de 
l’appareillage que nous avons décrits précédemment 
(9) et (10). Aprés extraction, par le toluéne, de l’eau 
des liquides biologiques prélevés, et sa conversion en 
hydrogéne gazeux par le calcium, la radioactivité de 
l’hydrogéne tritié obtenu est déterminée au moyen 
d’une chambre d’ionisation de grande capacité 
(1.000 ml) et d’un amplificateur 4 courant continu. 
Les résultats sont exprimés en microcurie de tritium 
par ml d’eau du liquide étudié. 


Choix des malades 
Les dix-huit sujets porteurs d’ascite étudiés se 
répartissent ainsi: 
1 ascite cancéreuse—cancer gastrique primitif avec 
métastases hépatiques et péritonéales. 
17 cirrhoses hépatiques dont 15 cirrhoses hyper- 
trophiques, | cirrhose atrophique de Laénnec, 
1 adénocancer avec cirrhose. 
Le diagnostic a été confirmé dans les cas douteux par 
ponction-biopsie du foie. Dans trois cas, l’autopsie a 
apporté une vérification du diagnostic posé. 


Types d’épreuves 


Chez douze malades, l’expérience a comporté une 


*La “dose maxima admissible” pour l’eau tritiée chez homme est 10 mc 3 mc correspondent a une irradiation 
de environ 100 mrem par semaine, nettement inférieure a celle dite ‘‘de tolérance”’ (0,3 rem/semaine) acceptée pour les 
individus exposés de fagon permanente aux radiations, en raison de leurs occupations professionelles. 
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épreuve unique par voie orale, intraveineuse ou 
péritonéale. Chez six autres, des épreuves jumelées 
(voies intraveineuse et péritonéale ou voies intra- 


veineuse et orale) ont été pratiquées, A quelques jours 
d’intervalle, chez des malades en état d’équilibre 
hydrique. 


2. RESULTATS EXPERIMENTAUX 


L’évolution de la radioactivité spécifique des 
liquides de l’organisme aprés administration d’eau 
tritiée, permet de distinguer deux phases successives: 
une premiére phase—quelques heures—au cours de 
laquelle la radioactivité spécifique des liquides étudiés 
varie en fonction du temps, pour atteindre une méme 
valeur dans les différents compartiments liquidiens de 
l’organisme; une deuxiéme phase, s’étendant sur 
plusieurs semaines, au cours de laquelle la radio- 
activité spécifique, identique dans tous les liquides de 
l’organisme, décroit lentement. 


Phase initiale 

Voie orale. Sur les graphiques que nous avons 
établis, les radioactivités spécifiques du sang et du 
liquide d’ascite, exprimées en microcuries de tritium 
par ml d’eau, ont été portées en ordonnée, et le 
temps en abscisse (en minutes). 

Les courbes obtenues (Fig. 1, 2, 3 et 4) au cours de 
la période initiale de l’épreuve (120 a 150 minutes 
aprés l’administration d’eau tritiée), s’inscrivent entre 
deux types extrémes qui différent surtout par les 
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caractéristiques de la courbe de la radioactivité 
spécifique du sang: un premier type de courbe 
(Fig. 1), présente une croissance réguliére plus ou 
moins rapide, suivie d’un plateau atteint 2 a 4 
heures aprés l’ingestion; un deuxiéme type de courbe 
(Fig. 4) présente un maximum précoce (vers la 15éme 
minute en général), élevé, suivi d’une partie lente- 
ment décroissante, de caractére exponentiel, aboutis- 
sant a un plateau pratiquement horizontal pendant 
plusieurs heures. 

Les courbes du liquide d’ascite présentent une 
partie croissante continue, a pente plus ou moins 
réguliére, jusqu’a la valeur commune de |’équilibre, 
quel que soit le type de la courbe sanguine associée. 

La surface limitée par les deux courbes (sang et 
ascite), est d’autant plus grande que le maximum est 
plus précoce, et elle se trouve réduite a zéro dans le 
cas extreme de la Fig. 1, dans laquelle les deux 
courbes sont pratiquement confondues pendant toute 
la durée de l’épreuve. 

Voie intraveineuse. Aprés injection intraveineuse, la 
radioactivité spécifique du sang décroit plus ou 
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moins rapidement, d’une facon continue, pour 
atteindre une valeur sensiblement constance, 2 a 5 
heures aprés l’injection (Fig. 5). 

L’analyse graphique des courbes établies en 
coordonnées_ semi-logarithmiques, effectuée entre 
Yorigine des temps et la 240éme minute, met en 
évidence plusieurs termes exponentiels décroissants: 
un premier, a décroissance rapide, pouvant étre 
définie par une “‘période”* variant entre 7 et 13 
minutes; un deuxiéme, a décroissance lente, de 
“période” variant entre 40 et 90 minutes, suivant les 
malades. 

De plus, dans les premiéres minutes consécutives a 
J’injection, un terme trés rapide intervient générale- 
ment; l’analyse graphique suggére son existence, 
mais il ne serait possible de le séparer avec précision 
qu’au moyen de prélévements de sang artériel 
effectués immédiatement aprés |’administration de 
lV’indicateur. 

L’équation traduisant l’évolution de la radio- 
activité spécifique du sang est de la forme générale: 


C, = + + Sye 4s! + Coq (1) 


dans laquelle: 

C, est la radioactivité spécifique du sang a 
linstant ¢, 

Coq est la radioactivité spécifique du sang a 
l’équilibre, 

S,, Sy, Ss, 2, 4g, et 2g sont les coefficients corres- 
pondants aux différents termes exponentiels, 
Jy, Ag et Ag étant exprimés en minute}. 

Les valeurs numériques des coefficients S,, S, et Sg 
sont les ordonnées a l’origine des différentes droites 
obtenues par l’analyse graphique de la courbe 
expérimentale, et A,, A, et A, sont les pentes de ces 


droites, définissant les “‘périodes” 7, T', et T. Le 
nombre de termes exponentiels séparés par l’analyse 
graphique est variable: 2 ou 3 suivant les cas. 

La radioactivité spécifique du liquide d’ascite croit d’une 
fagon continue pour atteindre une valeur prati- 
quement constante, égale a celle de la courbe dans le 
sang. 

La_ représentation mathématique des courbes 
obtenues dans le liquide d’ascite est de la forme 
générale: 


C, = Coq (1 — — (2) 


dans laquelle (a) et (A) remplacent (s) et (S) de (1). 

L’analyse graphique permet de séparer 1 ou 2 
termes, mais seul le terme lent est évalué avec une 
certaine précision. 

Notons que les formules générales (1) et (2) 
représentent l’expression mathématique des courbes 
expérimentales, mais qu’il n’existe pas nécessairement 
de corrélations entre ces formules et les faits physio- 
logiques. 

Le tableau 1 rassemble les données obtenues par 
l’analyse graphique de nos différentes courbes 
expérimentales; seuls les coefficients correspondants 
aux termes exponentiels nettement séparés y figurent. 

Voie péritonéale. Aprés injection péritonéale, la 
décroissance de la radioactivité spécifique du liquide 
d’ascite est lente et se prolonge pendant plusieurs 
heures (Fig. 6). La représentation mathématique 
de la courbe expérimentale est de la forme générale 


“Voie péritonéale 


~ 
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*La “‘période”’ 7 est définie comme le temps nécessaire pour que la radioactivité spécifique soit égale aux 50 pour cent 
de sa valeur initiale, telle que T,, = 0,693/2,,, 2, étant la pente de la droite représentative du terme exponentiel Ae—4nt. 
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Tableau 1. Voie intraveineuse 


Courbe “‘sang”’ Courbe “‘ascite”’ 


| Temps de 
Véquilibre | Terme 
(heures) | trés 
| | rapidet 
RAL... | | | 0,0115 0,085 
| | | — | 0,042 
HEB... | | | | — | —_ | 0,060 | 
aA... | 90 0,0071 | 0,070 
FRO... | | — | Ob | 
WEB... | | 28 | 0,115 | 0,079 
| 27 | 0,53 | 0,12 | 
| 

* Chez ce malade, une “‘période’’ supplémentaire de 45 h a été isolée. 

+ Le signe (+) indique le présence certaine d’un terme exponentiel trés rapide. 
Le signe 0 indique qu’il n’a pas été décelé par l’analyse graphique. 


al weed! 


Tableau 2. Voie péritoneale 


Courbe ‘‘ascite”’ | Courbe “‘sang”’ 


Temps pour aed 
Sujet | l’équilibre Ss’, | S’s 
| (heures) | Coq X Sy mn Coq X So 


— 75 | 0,4 
0,17 70 | 0,35 
0,08 48 0,026 


Tableau 3 


% du Temps Période 
poids équilibre biologique 
(Kg) totale 
u corps eures ours 
(ml) 


39.000 
26.700 
51.100 
61.300 
39.600 
38.000 
37.000 
59.000 
65.700 
50.000 
47.000 
66.700 
93.000 ? 
33.300 
26.600 
40.000 


FLE...Irma 65 
GEN... Germaine | 66 
GUY... Robert | 55 
BRO... René 56 
JEA...Suzanne | 52 
TIS... Louis 58 
JAC... Albert 50 
CHA ... Francis 51 
BOU ... Jean* 59 
WEB... Herman 57 
RAL... Josepht 60 
HEB... Léon 54 
GOU ... Jean 48 
JES... Gustave 72 
OSS .. . Gabriéle 58 
FRO... André 45 


* Cancer gastrique avec métastases hépatiques et péritonéales. 
+ Adénocancer avec cirrhose. 
+ Cirrhose de Laénnec. 
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(1), la décomposition graphique permet de séparer 
deux termes exponentiels. 

La radioactivité spécifique du sang, aprés injection dans 
le compartiment ascitique, croit pour atteindre en 60 
a 90 minutes une valeur voisine de la valeur a 
l’équilibre, mais celui-ci n’est établi que tardivement 
(aprés 4 heures en général). 

Les valeurs numériques des différents coefficients 
pour les termes séparés par l’analyse graphique des 
courbes expérimentales sont rassemblées dans le 


tableau 2. 


Phase secondaire 
La valeur de la radioactivité spécifique atteinte 


dans les différents liquides de l’organisme lorsque la 
répartition de l’eau tritiée est uniforme, reste pratique- 
ment constante pendant la premiére journée. Cette 
valeur permet de calculer le volume d’eau totale et 
la fraction du poids du corps qu’il représente. 

Au cours des jours suivants, la radioactivité 
spécifique de l’urine, identique a celle des différents 
liquides de Jlorganisme. décroit lentement; en 
coordonnées semi-logarithmiques, la courbe repré- 
sentative de cette décroissance est une droite per- 
mettant de définir la “période biologique” de l’eau 
tritiée dans l’organisme. 

Les résultats obtenus sont rassemblés dans le 
tableau 3. 


3. DISCUSSION 


Validité de la méthode 

Emploi de Veau tritiée comme indicateur de 
l'eau. La validité de Vemploi de leau 
tritiée comme indicateur de l’eau n’est plus 
guére discutée actuellement. 

Le volume d’eau totale, déterminé chez 
lanimal par dessication est semblable a 
celui mesuré par les méthodes de dilution 
isotopique mettant en oeuvre soit l’oxyde de 
deutérium soit l’eau tritiée. Les échanges 
entre les isotopes lourds de ’hydrogéne et les 
atomes H labiles des différentes molécules 
organiques sont de l’ordre de 1 a 2% et 
ne modifient que trés peu les résultats 
obtenus dans le volume d’eau totale de 
Porganisme. 

CHINARD et Enns") en 1954, ENNs et 
CHINARD en 1956 “*) ont montré, chez le 
chien, que les vitesses de passage des molé- 
cules H,O'8’, HDO et HTO a travers les 
capillaires pulmonaires, sont les mémes, 
éliminant tout effet isotopique dans ces 
processus. 

L’apparition dans un compartiment donné 
de l’eau tritiée introduite dans un autre 
compartiment contigu, traduit l’existence 
d’échanges hydriques entre les deux com- 
partiments. La variation de la _ radio- 
activité spécifique dans l’un ou lautre des 
compartiments permet de déterminer la 
vitesse des échanges. Cependant, la quantité 
d’eau échangée entre deux compartiments en 
un temps donné, ne peut étre déterminée 
que si l’on connait la radioactivité spécifique 
de l’eau au lieu d’échange, et a tout instant 


dans Jlintervalle de temps étudié. La 
détermination de ce facteur, par préléve- 
ments dans un des deux compartiments, 
suppose une répartition homogéne de 
Pindicateur. 

Prélévements veineux. et coll. en 
1954%) insistent sur la nécessité d’employer 
la voie artérielle pour tous les prélevements 
de sang; ils ont constaté des variations 
importantes dans la concentration isotopique 
en deutérium du sang veineux. 

Non seulement nous n’avons pas constaté 
de telles variations dans la radioactivité 
spécifique du sang veineux avec leau 
tritiée, mais les courbes que nous avons 
obtenues aprés injection intraveineuse, sont 
superposables, a partir de la 5¢me ou de la 
10éme minute, a celles publiées par les 
auteurs ayant effectué les prélévements par 
voie artérielle. 

A condition de prendre certaines pré- 
cautions (prélévements au membre supé- 
rieur de préférence, dans un territoire ne 
comportant pas de stase circulatoire, mobili- 
sation des extrémités du membre, sur- 
veillance des compressions fortuites sur le 
bord du lit, etc...) la voie veineuse nous 
parait amplement justifiée, d’autant plus que 
les expériences de Bakay et coll. en 19510” 
sur la distribution intravasculaire de Na*4 
chez homme, aprés injection intraveineuse, 
ont montré que, dans les conditions normales, 
Péquilibre entre le sang veineux et le sang 
artériel est pratiquement réalisé 5 minutes 
aprés l’injection. Un retard n’est constaté 
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que lorsque les prélévements veineux sont 
effectués dans un territoire mal irrigué. 


Interprétation des résultats 

Temps nécessaire pour atteindre équilibre. 
Chez dix sujets normaux, nous avons 
montré que l’équilibre est atteint 90 a 150 
minutes aprés ingestion d’eau_tritiée.' 
Chez les sujets ascitiques, cet équilibre est 
nettement retardé et n’est atteint, en général, 
que 4 a 5 heures apres l’administration d’eau 
tritiée par voie orale ou par voie intra- 
veineuse; par voie péritonéale, l’équilibre 
parait étre atteint plus tardivement. 

Un retard a l’équilibre, pouvant atteindre 
plus de 5 heures, a été constaté par GILDER 
et coll. en 1954) dans leur étude sur 
l’espace Na? chez des cirrhotiques porteurs 
d’ascites volumineuses. 

FALLER et coll. en 1955"® ont également 
constaté un retard a l’équilibre en déter- 
minant le volume d’eau totale chez des 
cirrhotiques, avec l’oxyde de deutérium. 

Eau totale. Le volume de l’eau totale de 
Vorganisme a été calculé a partir de la 
radioactivité spécifique du sang ou du 
liquide d’ascite soit a la 24éme heure, soit 
lorsque l’équilibre était nettement réalisé 
entre les différents liquides de l’organisme. 
Exprimé en fonction du poids du corps, il 
varie chez nos malades, entre de grandes 
limites: de 50 a 78% (voir tableau 3). 
Nos études chez les sujets sains avaient 
montré une moyenne de 58%, les valeurs 
extrémes étant 54% et 65%.‘ 

Certaines des valeurs trouvées chez les 
cirrhotiques avec ascite s’inscrivent dans les 
limites normales; quelques unes cependant 
sont nettement plus importantes: quatre de 
nos malades ont un volume d’eau totale 
supérieur a 70°, du poids du corps. 

L’interprétation de ces données est déli- 
cate. Le poids total du corps est en effet 
fonction de l’augmentation de la quantité de 
liquide pathologique. Chez le malade 
WEB... l’eau totale représente les 78% du 
poids du corps. Le volume des liquides 
pathologiques, calculé a partir des courbes 
expérimentales est de 29.000 ml. Si lon 
rapporte le poids de l’eau “‘physiologique”’ 
au poids de ce malade diminué de la masse 


liquidienne anormale, on trouve une valeur 
de 58%, qui s’inscrit dans les limites nor- 
males. La valeur de 78% chez ce malade 
aurait pu faire penser a une _hyperhy- 
dratation importante, alors que, en réalité, 
Phydratation tissulaire parait normale, ab- 
straction faite des liquides pathologiques. 
Par contre, chez un autre malade, RAL..., 
un calcul analogue conduit, pour l’eau 
totale diminuée des épanchements anormaux, 
a une valeur de 46% du poids total diminué 
des liquides pathologiques. Pour ce malade, 
on peut penser a une déshydratation, sans 
pouvoir préciser sa nature, extra ou intra- 
cellulaire. 

Période biologique. La période biologique 
determinée dans les conditions précisées 
plus haut, varie entre 10 et 17 jours, avec 
un maximum de fréquence a 12 jours, 
chez nos malades porteurs d’ascite. Ces 
valeurs sont nettement plus élevées, dans 
leur ensemble, que celles obtenues chez des 
sujets sains.‘® 

La comparaison de |’élimination urinaire 
de l’eau et de son remplacement (calculé au 
moyen de la période biologique) permet de 
déterminer l’importance de l’élimination 
extrarénale de l’eau dans la mesure ot 
l’équilibre hydrique est maintenu: celle-ci est 
relativement augmentée chez les cirrhotiques. 

Les courbes de radioactivité spécifique des 
urines présentent parfois des modifications 
brusques de pente, en dehors de toute 
ponction d’ascite. Une diminution de la 
pente, en valeur absolue, semble indiquer 
une aggravation de l’état du malade; une 
exagération de la valeur absolue de la pente 
est consécutive a une évacuation liquidienne 
partielle par ponction d’ascite ou s’explique 
par une amélioration de la diurése. 


Modalités d’établissement de équilibre 

Cinétique des échanges. La courbe repré- 
sentant |’évolution de la radioactivité spéci- 
fique dans le compartiment ou a eu lieu P’ injection, 
est décroissante; nous en avons donné la 
forme mathématique générale. Les dif- 
férents termes exponentiels séparés par 
analyse graphique peuvent étre en relation 
directe avec les faits physiologiques: ils 
peuvent étre chacun représentatif d’un 
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compartiment particulier, dans lequel les 
échanges se font suivant un rythme donné, 
sans que nécessairement ce compartiment 
ait un support anatomique précis. 

Par contre, lorsque l’on suit l’évolution de 
la radioactivité spécifique dans un com- 
partiment autre que celui ot a eu lieu 
injection, la courbe obtenue est croissante. 
Son expression mathématique prend la 
forme générale(2); ce type d’équation donne 
la valeur de la radioactivité spécifique, 4 un 
instant donné, par la différence entre la 
valeur qui sera atteinte a l’équilibre et 
l’ordonnée de la courbe fictive représentant 
l’exponentielle décroissante ayant mémes 
coefficients. Il s’agit la d’une représentation 
mathématique qui permet de déterminer 
certains termes exponentiels, dont la relation 
avec les faits physiologiques n’apparait pas 
immédiatement. L’analyse graphique des 
courbes expérimentales fournit néanmoins 
certains renseignements intéressants. 

Chez le sujet normal, SCHLOERB et coll.‘*) 
ont obtenu dans le sang artériel, deux termes 
exponentiels dont les “‘périodes”’ sont 1 et 9 
minutes. EDELMAN et Moore (1952), cités 
par Sotomon”” ont trouvé deux termes 
voisins, 2 et 10 minutes. 

PRENTICE et coll.) ont montré, par 
analyse graphique, l’existence, chez les 
cirrhotiques avec ascite isolée, d’un terme 
exponentiel lent, a partir des courbes corres- 
pondant au compartiment dans lequel a été 
faite injection d’eau tritiée. Ce terme 
n’existe pas chez les sujets normaux. I] est 
attribué par ces auteurs, a l’ascite. L’extra- 
polation a zero, de la droite correspondant a 
ce terme lent, en coordonnées semi-logarith- 
miques, donne une valeur de la radioactivité 
spécifique permettant le calcul du volume de 
Pascite soit directement (courbes aprés in- 
jection dans l’ascite), soit aprés soustraction 
des liquides non pathologiques de l’organisme 
(courbe aprés injection dans le sang). 
PRENTICE et coll. n’ont pas tenté d’isoler les 
composantes rapides dont ils ont noté la 
présence. 

Terme exponentiel lent: mous avons pu 
constater l’existence d’un terme exponentiel 
lent dans les courbes obtenues a partir du 
sang ou du liquide d’ascite, aprés injection 


intraveineuse ou péritonéale. Ce terme est 
décelé également, aprés ingestion d’eau 
tritiée, dans la courbe du liquide d’ascite, 
mais n’est retrouvé dans la courbe du sang 
que si celle-ci présente une partie décrois- 
sante nette (type II, Fig. 4). 

Dans la plupart des cas, pour un malade 
donné, la “période”? correspondant a ce 
terme lent est la méme, dans le sang et dans 
lascite, quel que soit le mode d’injection. 

Dans quelques cas cependant, des diffé- 
rences nettes ont été constatées: soit absence 
du terme lent dans le sang aprés injection 
intraveineuse (cas de FRO... par ex.), soit 
présence de termes lents correspondants a 
des “‘périodes” différentes dans chacun des 
compartiments étudiés: lorsque le volume de 
diffusion correspondant au terme lent est peu 
important par rapport a celui des espaces 
hydriques totaux du malade, ce terme peut 
ne pas apparaitre dans la courbe du sang, 
mais par contre, exister dans celle du 
liquide d’ascite, s’il est bien représentatif de 
cette collection liquidienne. L’existence de 
termes lents de “‘périodes”’ différentes corres- 
spond probablement a une _ hétérogénéité 
de l’un des compartiments dans lesquels sont 
effectués les prélévements. L’importance 
relative et les “‘périodes’ propres de ces 
fractions expliquent les différences cons- 
tatées a l’analyse graphique. 

L’attribution a lascite du terme lent 
trouvé dans la courbe du liquide d’ascite, 
aprés injection dans ce compartiment, parait 
justifiée. Il n’en est pas de méme pour le 
terme séparé a partir des courbes du sang, 
aprés injection intraveineuse ou péritonéale, 
sauf dans le cas rare ow l’ascite est isolée. 

Le liquide d’ascite, bien que généralement 
considéré comme une expansion banale des 
liquides extracellulaires, a un comportement 
différent de ceux-ci: connaissant le volume 


du sang et celui de I’ascite, le volume des_ 


autres liquides de l’organisme peut étre déter- 
miné a partir du volume d’eau totale. La 
quantité de tritium diffusée dans ces espaces 
liquidiens est connue a chaque instant. Le 
calcul montre, chez un de nos malades, 
(RAL...) que la radioactivité spécifique de 
ces liquides—s’ils constituaient un milieu 
homogéne—serait 10 fois plus grande que 
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celle du liquide d’ascite a la 10&me minute 
aprés linjection; elle ne deviendrait voisine 
de celle-ci qu’a la 150éme minute. La 
radioactivité spécifique de lascite, étant a 
tout instant inférieure a cette radioactivité 
spécifique moyenne calculée, est a fortiori 
plus faible que celles des liquides extra- 
cellulaires, quelle que soit l’étendue de 
ceux-Ci. 

I] parait en étre de méme pour tous les 
autres liquides pathologiques: leur présence 
introduit, dans les courbes, un ou des termes 
exponentiels lents, identiques ou non a 
celui de l’ascite. Dans les courbes obtenues a 
partir du sang, compartiment en rapport 
direct avec tous les autres liquides patho- 
logiques, ces différents termes lents doivent 
exister, mais ils ne peuvent pas étre séparés 
par analyse graphique, si leurs ‘‘périodes” 
sont voisines. De ce fait un seul terme lent 
est isolé en général; il doit étre attribué a 
l’ensemble des liquides pathologiques et non 
a lascite seule. Par contre, dans les courbes 
obtenues a partir du liquide d’ascite, aprés 
injection dans ce compartiment, le terme qui 
lui correspond intervient pratiquement 
seul et peut, de ce fait, étre séparé, méme s’il 
existe d’autres liquides pathologiques. 

Termes exponentiels rapides: les deux termes 
exponentiels rapides séparés dans les courbes 
du sang, celui de “‘période”’ trés courte, mal 
définie, et celui de “période” variant entre 8 
et 13 minutes, sont comparables a ceux 
observés chez les sujets sains. L’évolution de 
la radioactivité spécifique du sang aprés 
injection intraveineuse le confirme, chez la 
plupart de nos malades; elle atteint trés 


_ rapidement des valeurs voisines de celle de 


Péquilibre, en particulier chez les cirrhotiques 
présentant une ascite peu volumineuse. 

Par contre, nous avons observé un com- 
portement particulier chez un de_ nos 
malades: la radioactivité spécifique du sang 
décroit trés lentement et reste élevée aprés 
injection intraveineuse (Fig. 7). L’analyse 
graphique de la courbe conduit a séparer 
deux termes exponentiels de “périodes”’ 9 et 
27 minutes sans qu’il soit possible de supposer 
la présence d’un terme trés rapide. Dans le 
liquide d’ascite, les “‘périodes”’ séparées sont 
6 et 55 minutes. 
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L’étude des espaces de diffusion corres- 
pondants a ces différentes “‘périodes’’ montre 
clairement que le terme de 9 minutes ne 
peut pas correspondre a lensemble des 
liquides de lorganisme comme c’est le cas 
chez le sujet normal. Par contre, le terme de 
27 minutes semble, lui, correspondre a l’en- 
semble de ces liquides. La présence de ces 
deux termes traduit un retard a la diffusion 
dans l’ensemble des liquides normaux. Le 
terme correspondant aux liquides patholo- 
giques n’apparait pas dans le sang, alors 
qu il apparait dans le liquide d’ascite. 

Le retard a la diffusion pourrait étre 
attribué a une diminution générale de la 
perméabilité capillaire ou cellulaire, bien 
improbable chez un cirrhotique. Nous 
pensons plut6t que la valeur élevée de ces 
termes traduit un ralentissement des apports 
du tritium dans certains territoires, retard dt 
aux troubles circulatoires caractérisés par 
une stase relative et par ’hypotonie générale 
chez un cirrhotique porteur d’oedémes 
importants. 

Evaluation du taux de renouvellement de U ascite. 
Nos résultats confirment Ja participation 
de lascite aux échanges hydriques dans 
lorganisme, montrant par la que ce com- 
partiment liquidien ne constitue pas un 
“espace mort’ comme cela a été admis 
pendant longtemps. Nous avons tenté 
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de préciser limportance des échanges 
entre l’ascite et le sang, en déterminant la 
fraction de l’ascite remplacée par heure. Le 
volume de l’ascite peut étre, dans tous les 
cas, considéré comme invariable pendant la 
durée de Jlétablissement 1|’équilibre. 

Prentice et coll.) ont proposé pour 
représenter le systeme biologique constitué 
par le liquide d’ascite d’une part, et par les 
liquides non ascitiques d’autre part, d’utiliser 
le modéle composé de deux compartiments 
fermés, dans lesquels les variations de la 
radioactivité spécifique sont décrites par un 
seul terme exponentiel. Une valeur com- 
mune est atteinte a l’équilibre dans les deux 
compartiments. Ces auteurs ne tiennent 
compte que du terme exponentiel lent 
séparé a partir des courbes expérimentales. 

Les restrictions que nous avons apportées 
a la valeur représentative du terme lent 
séparé dans les différentes courbes expéri- 
mentales, limitent l’application du modéle 
utilisé par PRENTICE et coll. au cas des 
courbes du liquide d’ascite obtenues aprés 
injection péritonéale: dans ce cas, les 
valeurs du taux de remplacement de I’ascite 
que nous avons trouvées, sont comprises 
entre 54 et 120 pour cent par heure, com- 
parables a celles publiées par les auteurs 
cités. 

Les équations proposées par SoLomon‘?*) 
relatives a un systéme de trois comparti- 
ments, ne nous ont pas paru directement 
applicables aux échanges de leau dans 
Porganisme. 

Le terme lent des courbes sanguines aprés 
injection intraveineuse ne représentant pas 
uniquement lascite dans le cas général, 
nous avons été conduits a déterminer le 
taux de transfert par une méthode indirecte 
d’analyse graphique. 

Considérons un systeme composé de deux 
compartiments communiquant entre eux, et 
tels que celui dans lequel est introduit 
Pindicateur soit ouvert a l’extérieur. Ce 
modéle est voisin de celui proposé par 
ZitversMIT et coll. (1943) cités par 
SoLomon'?”) mais n’implique pas d’hypothéses 
sur les modalités d’introduction de lindi- 
cateur dans le compartiment ouvert. Nous 
avons appliqué ce modeéle au cas de l’ad- 


ministration de HTO par voie orale et par 
voie intraveineuse, le compartiment ouvert 
étant le sang, et le compartiment fermé 
lascite. 

Soit V, le volume de l’ascite, 


s la radioactivité spécifique du sang au 
temps 

a la radioactivité spécifique du liquide 
d’ascite au temps f, 

kK la quantité d’eau qui passe du sang 
dans l’ascite (et inversement) pendant 
Punité de temps. 


La variation de la quantité de tritium dans 
Pascite pendant l’intervalle de temps ¢ est: 


Aa. V, = ks At — ka At 


La variation de la radioactivité spécifique 
dans le liquide d’ascite est: 


Aa _ —a) 
1 


k/V, est obtenu a partir des courbes de varia- 7 


tion de la radioactivité spécifique dans le 
sang et dans l’ascite. Ce terme représente la 
fraction de l’ascite remplacée par unité de 
temps. Si le volume de I’ascite est connu, k 
peut étre déterminé en valeur absolue. 

Apres injection intraveineuse d’eau tritiée, ce 
procédé conduit, chez certains de nos 
malades (RAL... par ex.), a des valeurs de 
k/V, pratiquement constantes en fonction du 
temps. Le taux de remplacement obtenu 
varie entre 48 et 160% suivant les malades. 
Pour le malade cité, le taux obtenu est 
comparable a celui trouvé par détermination 
directe aprés injection d’eau tritiée dans 
Pascite (54%). Dans d’autres cas, par 
contre, les valeurs obtenues pour k/V, sont 
variables en fonction du temps et ne per- 
mettent pas de définir un taux de rem- 
placement. 

Aprés ingestion d’HTO, le méme fait est 
retrouvé. Chez les malades pour lesquels 
k/V, est pratiquement constant, les valeurs 
calculées pour le taux de remplacement 
varient entre 20 et 240%. Elles varient 
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sensiblement en raison inverse de la surface 
limitée par les deux courbes de sang et du 
liquide d’ascite: elles sont de 20% chez un 
malade dont les courbes sont du type II 
(Fig. 4) et de 240% chez un malade dont 
les courbes sont voisines de celles du type I 
(Fig. 2). L’étude des courbes de type I 
conduit a des valeurs encore plus élevées. 

Nous avons été amenés a comparer chez 
deux malades, la variation de la radio- 
activité spécifique du liquide d’ascite aprés 
injection intraveineuse et aprés administra- 
tion orale d’eau tritiée, toutes conditions 
(dose en particulier) étant semblables par 
ailleurs. Cette étude comparative nous a 
montré que, a tout instant, entre 0 et 90 
minutes, la radioactivité spécifique du liquide 
d’ascite est plus grande aprés ingestion 
qu’aprés injection intraveineuse, soit en 
valeur absolue (Fig. 8), soit relativement, 
compte-tenu de la radioactivité spécifique du 
sang périphérique aprés ces deux modes 
d’administration. I] s’ensuit nécessairement 
que la radioactivité spécifique du sang 
portal est plus grande, pendant un certain 
temps, aprés ingestion qu’aprés injection 
intraveineuse. 

L’absorption accélérée par la muqueuse 
digestive, de l’eau tritiée ingérée, pourrait 
provoquer une augmentation précoce, plus 
ou moins importante, de la radioactivité 
spécifique dans le territoire porte. Mais, 
dans des conditions circulatoires normales, 
la diffusion de l’indicateur dans la circulation 
générale est trés rapide. Dans ces conditions, 
une inégalité importante entre la radioactivité 
spécifique du sang portal et celle du sang 
périphérique ne saurait étre maintenue. 
L’intervention de troubles circulatoires dans 
le systeéme porte peut seule expliquer la 
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persistance d’une telle inégalité pendant au 
moins trente minutes aprés |’administr:tion 
de l’indicateur: le ralentissement circula- 
toire et la stase sanguine associés a l’hyper- 
tension portale retarderaient le passage dans 
la grande circulation de l’eau tritiée absorbée, 
maintenant ainsi une radioactivité spécifique 
plus élevée dans le sang porte que dans le 
sang périphérique. Aprés injection intra- 
veineuse, ces mémes facteurs joueraient en 
sens inverse, et la radioactivité spécifique 
dans le territoire porte serait plus faible que 
dans la circulation périphérique. 

Dans l’avenir, et afin d’éliminer d’une 
facon certaine toute modification des con- 
ditions expérimentales, nous envisageons de 
procéder a l’administration simultanée d’eau 
marquée, par voie orale et par voie intra- 
veineuse, faisant appel a oxyde de deutérium 
et a l’eau tritiée. 


4. CONCLUSION 


Cette étude mettant en oeuvre leau 
tritiée comme indicateur chez dix-huit 
malades porteurs d’ascite, nous a permis de 
confirmer la participation de l’ascite aux 
mouvements généraux de |’eau dans l’orga- 
nisme, d’en préciser les modalités, et d’étudier 
les perturbations du métabolisme de l’eau 
chez ce type de malade. 


L’ascite ne peut étre considérée ni comme 
un “espace mort,” ni comme une expansion 
banale des liquides extracellulaires. Sa 
présence—ainsi que celle des autres liquides 
pathologiques—se traduit par un retard a 
’équilibre, pouvant atteindre plusieurs heures, 
entre les différents liquides de l’organisme, 
aprés introduction d’eau marquée, quelle 
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que soit la voie d’administration. La mise 
en évidence de ce retard chez un cirrhotique 
non ascitique démontrerait  Tlexistence 
d’oedémes, méme cliniquement non déce- 
lables, ce que la détermination du volume 
d’eau totale ne permettrait pa; a elle seule. 

Les perturbations du métabolisme de Veau se 
traduisent par une augmentation nette (dans 
30°, des cas), de la fraction du poids du 
corps représenté par l’eau. Dans certains cas, 
malgré la présence d’une ascite et d’oedémes 
importants, nos résultats permettent de 
montrer une déshydration de territoires non 
intéressés par l’oedéme. 

Lallongement de la période biologique est 
constant chez les cirrhotiques porteurs 
d’ascite. Les modifications brusques de 
pente que peut présenter la courbe d’élimi- 
nation de l’indicateur dans Purine semblent 
posséder une certaine valeur pronostique. 
La comparaison de l|’élimination hydrique 
indiquée par la période biologique avec la 
courbe des urines permet de mesurer avec une 
grande précision, |’élimination extrarénale de 
Peau chez les cirrhotiques. 


Les échanges liquidiens a travers la membrane 
péritonéale se traduisent, chez nos malades, 
par le remplacement, 4 un taux variant entre 
40 et 120° par heure, de eau du comparti- 
ment ascitique. Ce taux de remplacement, 
indépendant du volume de I’ascite, est fonc- 
tion desconditionscirculatoires dans lesysteme 
porte. Les meilleures conditions de détermina- 
tion de ce taux sont réalisées aprés injection 
de l’indicateur dans l’ascite, par analyse de sa 
courbe de décroissance danscecompartiment, 
en fonction du temps. 

Les résultats obtenus jusqu’ici suggérent 
existence d’une corrélation entre les mouve- 
ments hydriques au niveau de l’ascite (taux 
de remplacement et importance des échanges 
en valeur absolue) et le pronostic évolutif. 
Des études en vue de préciser ces points sont 
en cours actuellement. 

L’ensemble des faits observés mettent 
Paccent sur Vimportance des conditions 
circulatoires locales dans la diffusion de l’eau 
dans les différents compartiments liquidiens 
de lorganisme, en particulier entre le 
systéme porte et l’ascite. 
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The Use of Tritium Bremsstrahlung for 
the Determination of Sulphur in 
Hydrocarbons 


M. M. KANNUNA® and J. F. CAMERON?+ 
(Received 15 November 1956) 


Bremsstrahlung with a maximum energy of 18 keV is emitted when tritium (hydrogen-3) 
beta particles strike a target. This continuous spectrum of radiation is used as a means of 
estimating sulphur in hydrocarbons. 

The sensitivity and accuracy compare favourably with other methods of determination, in 
particular with that using iron-55 X-rays. 

A relatively cheap means of determining heavy contaminants in hydrocarbons is thus 
provided. 


L’UTILISATION DU RAYONNEMENT DE FREINAGE DE 
TRITIUM POUR LA DETERMINATION DU SOUFRE 
DANS LES HYDROCARBURES 


Un rayonnement de freinage d’énergie maximum 18 keV est émis quand les particules 
béta du tritium (hydrogéne-3) frappent une cible. Ce spectre continu de rayonnement est 
utilisé pour la détermination du soufre dans les hydrocarbures. 

Sensibilité et précision se comparent avantageusement a celle des autres méthodes de 
détermination, notamment celle qui utilise les rayons X du fer-55. 

On obtient ainsi un moyen relativement bon marché de détermination des impuretés 
lourdes dans les hydrocarbures. 


HCHOJIBBOBAHHE TOPMO3HOPO TPUTHA 
CEPbI B 

*KLaeTCA TOPMOSHbIM M31yYeHHeM C MAKCHMAJIbHOM 18 KaB. ITOT 

Ilo cpaBHenmio C MeTOjaMH, B YAaCTHOCTH C MeTOJaMH, peHtre- 
HOBCKOe OT *KeTe3a-55, MeTO] TOUeH H 
TeIbHOCTbIO. 

mpuMeceii B 


DIE VERWENDUNG VON TRITIUM-BREMSSTRAHLUNG ZUR 
BESTIMMUNG VON SCHWEFEL IN KOHLENWASSERSTOFFEN 


Bei Bestrahlung eines Targets mit B-Teilchen von Tritium (H®) erzielt man Bremsstrahlung 
mit einer Maximalenergie von 18 keV. Dieses kontinuierliche Strahlenspektrum wird zur 
Bestimmung des Schwefelgehalts in Kohlenwasserstoffen herangezogen. 

Die Empfindlichkeit und die Genauigkeit dieser Methode lasst sie gegeniiber anderen 
Bestimmungsmethoden, z.B. der Bestimmung mit Hilfe der Réntgenstrahlung des Eisenisotops 
Fe-55, giinstig erscheinen. 

Die Methode stellt ein relativ billiges Verfahren zur Bestimmung von Verunreinigungen 
hoheren Atomgewichts in Kohlenwasserstoffen dar. 


* Higher Teachers’ Training College, Baghdad. Attached to Isotope Division, A.E.R.E., Harwell, under Baghdad 
Pact Training Scheme. 
+ Isotope Division, A.E.R.E., Harwell. 
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The use of tritium Bremsstrahlung for the determination of sulphur in hydrocarbons 


INTRODUCTION 


THE great difference between the mass 
absorption coefficients*‘ of carbon and 
hydrogen and those of heavier elements for 
X radiation in the 0-5-5 A region has been 
used to detect very small quantities of such 
heavier elements in hydrocarbons. A par- 
ticularly important application is the deter- 
mination of sulphur and_ tetraethyl-lead 
contents of petroleum products. 

Both monochromatic and heterogeneous 
radiations have been used. For maximum 
sensitivity a wavelength is chosen which is 
just below that of the absorption edge for the 
element in question. For example, for 
sulphur a wavelength between 0-5 and 5A 


will give greatest sensitivity. For lead the 
optimum wavelength is 0-79 A. The mass 
absorption coefficients of hydrogen and 
carbon are equal at a wavelength of approxi- 
mately 0:55 A, so that when this wavelength 
is used the different carbon-hydrogen ratios 
of the base stocks need not be considered. 
Whilst high-voltage X-ray tubes are the 
most common source of X rays, the 
electron-capture radiation of wavelength 
about 2-0 A from iron-55 has been successfully 
used in sulphur determinations.) The 
advantages of such a radioactive source of 
X rays are in compactness, stability (freedom 
from mains variation), and cheapness. 


BREMSSTRAHLUNG SOURCES 


Another source of low-energy photons is the 
combination of bremsstrahlung and charac- 
teristic radiation emitted when low-energy 
beta radiation strikes a target.® In particu- 
lar, the beta radiation of maximum energy 
18 keV emitted by tritium (hydrogen-3) 
affords a convenient source for obtaining pho- 
tons of wavelength above 0:69 A (0-18 keV). 


Sources of tritium containing up to 2 curies in 
the form of the gas adsorbed on a 200 g/cm 
layer of titanium or zirconium which has 
been vacuum-evaporated on to a thin silver 
or copper disc are available.‘ 

The absorption of the radiations emitted 
from such a source in hydrocarbons con- 
taining sulphur has been investigated. 


APPARATUS 


The apparatus is shown in Fig. 1. A source of 
tritium adsorbed on zirconium was reduced in area 
by means of an iris in a brass diaphragm so that the 
count rate in the detector was near 20,000 per min 


Plug 


with a sample in the absorption cell. The exposed 
source then had an activity of 114 mc on an area of 
1-3 cm?, 

The radiations from the source passed through a 


(6B.A screw with polythene washer) 


Beryllium windows 


0:38mm Lead gaskets 


source 


Tritium 


| | 
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Fic. 1. Schematic diagram of apparatus. 
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brass absorption cell with beryllium windows 
0-38 mm thick, 23-mm diameter, containing 1-94 ml 
of liquid in a 5-09-mm layer. Thin lead washers 
were used to make a watertight seal. Two small 
openings in the top were used for filling, and they 


were closed by screws to avoid evaporation during 
the measurements. 

A Geiger counter type MX-118 with an argon 
filling and a 4 mg/cm? mica window was used as the 
detector. 


EXPERIMENTAL RESULTS 


Aluminium reference absorption curve. With 
the empty absorption cell in place, an 
absorption curve was obtained by interposing 
aluminium absorbers in the range 25-55 
mg/cm?. This covered the range of counting 
rates obtained with the hydrocarbons plus 
contaminants used in the experiments. The 
effective mass absorption coefficient for 
aluminium was found to be constant in this 
range of thickness and equal to 48-6 + 
0-1 cm?/g. 

Determination of we and wy. For a pure 
hydrocarbon, the total mass absorption 
coefficient wey is given by: 


(My + Me) = My + we Me (1) 


where sq = mass absorption coefficient of 
hydrogen, 
fc = mass absorption coefficient of 
carbon, 
My, = mass ratio of hydrogen, 
Me. = mass ratio of carbon. 


From equation (1), substituting 


Tuc = Puc (1+ 1) — (2) 


By measuring the counting rate obtained 
with a hydrocarbon of density pyc, the 
equivalent mass of aluminium per unit area 
(o4)) is obtained from the aluminium absorp- 
tion curve. Then syc is obtained from the 
relationship: 


(3) 


where ¢ is the path length of the radiation in 
the absorption cell. 

From a plot of r against (1 +7), wy and 
Mc are determined from measurements of 
the gradient of the line and the intercept on 
the waco (1 +7) axis. Values of wy and pe 
obtained are 0-4 + 0-01 cm’/g and 4-21 + 
0-02 cm?/g respectively. 


Puct = Mat 


Determination of yu-sulphur. Similarly, for a 
mixture of two liquids of which one contains 
sulphur (e.g. thiophene) and the other is a 
pure hydrocarbon (e.g. benzene), 


= (1 + 2) — py 


where “44. = mass absorption coefficient of 
the mixture, 

(4, = mass absorption coefficient of 
the sulphur-containing hydro- 
carbon, 

MM, = mass absorption coefficient of 
the hydrocarbon, 
(concentration by weight of 
sulphur containing liquids) 
— (concentration by weight of 
pure hydrocarbon). 


Therefore, from the counting rates obtained 
with different known weight concentrations 
of the sulphur-containing liquid in the 
hydrocarbon, and can be determined 
as above. 

The values of the mass absorption coeffi- 
cient for thiophene was determined in 
benzene as 31-2 + 0-04 cm?/cm. The value 
for w-sulphur obtained from this is 75:7 + 
1-7 cm?/g. The variation of the transmitted 
intensity with different concentrations of 
thiophene in benzene is shown in Fig. 2. 
Assuming that sufficient counts are taken 
(100,000) to obtain a standard statistical 
deviation of +0-3%, the corresponding 
error in the weight percentage of thiophene 
is +0-033%,. 

Values of w-thiophene and y-sulphur 
obtained in O-xylene were found to be 31-8 
+ 0-9 and 77 + 3-8. The error in the weight 
percentage of thiophene for +-0-3% statistical 
standard deviation is +0-03%. These mass 
absorption coefficients correspond to an 
effective wavelength of about 1-5 A. 

This sensitivity compares well with that 
obtained by the iron-55 X-ray absorption 
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Fic. 2. Variation of transmitted Bremsstrahlung intensity 
with different concentrations of thiophene in benzene. 


method, by normal chemical methods and 
by the use of X-ray tubes. The sensitivity 
can be increased by increasing the path 
length of the radiation in the solution. An 
additional effect of increasing the cell 
thickness would be to filter out the lower- 


COST OF SOURCE AND 


It is estimated that | mc of tritium in the 
above form gives an X-ray flux equivalent to 
1-3 uc of iron-55 after penetrating the empty 


absorption cell and 40 mg/cm? of aluminium. 
At the present cost of iron-55, free from iron- 
59, the equivalent tritium source is much 
cheaper than iron-55. A further important 
factor in favour of tritium is the 12-5-year 
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energy radiation and decrease the effective 
wavelength. This would have little effect 
for sulphur measurements due to the constant 
ratio of the ma‘s absorption coefficients of 
sulphur and carbon in this wave-length 
region. 


AUXILIARY APPARATUS 


half-life which would necessitate a very 
infrequent calibration of the apparatus and 
renewal of the source. This apparatus affords 
a very cheap and reliable method for rapid 
routine analysis of sulphur and_ other 
contaminants in petroleum products. 

A more detailed account of these experi- 
ments will be published shortly. 
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Assay of Electron-capture Nuclides with a 
Proportional Counter Spectrometer 


W. S. LYON and S. A. REYNOLDS 
Analytical Chemistry Division, Oak Ridge National Laboratory * 


(Received 14 November 1956) 


An end-window-type proportional counter has been employed, which is suitable for assay of 
the disintegration rate of electron-capture nuclides. The use of this counter with a differential 
and integral pulse-height selector for absolute measurement of disintegration rate is described. 
Methods of determining the absolute efficiency of the system at different X-ray energies, 
by coincidence techniques and measurements in a high-pressure ionization chamber, are 
outlined. A comparison of the results obtained with those of other workers is given. 


TITRAGE DES NOYAUX A CAPTURE ELECTRONIQUE A L’AIDE 
D’UN SPECTROMETRE COMPTEUR PROPORTIONNEL 


On a construit un compteur proportionnel du type cloche, convenant a la mesure de la 
vitesse de désintégration des noyaux a capture électronique. On décrit l’usage de ce compteur 
avec un sélecteur différentiel et intégral d’amplitude pour les mesures absolues de vitesse de 
désintégration. Des méthodes de détermination de I’efficacité absolue du systeme pour des 
rayons X de différentes énergies par des techniques de coincidence sont esquissées, les mesures 
étant faites dans une chambre d’ionisation a haute pression. On compare les résultats obtenus 
a ceux d’autres auteurs. 


C WPOMOPHMOHAJIBHbIM 

CkOpocTH mupu Onucano mpuMeHeHue sToro C 
W3MepeHHil B Kamepe C BLICOKMM JlaBennem. cpaBHenne 
Pe3yJIbTaTOB C pe3sybTaTaMM aBTOPOB. 


MESSUNG VON ELEKTRON-EINFANG-NUKLEIDEN MIT HILFE 
EINES PROPORTIONALZAHLER-SPEKTROMETERS 


Ein Endfenster-Proportionalzahler wurde entwickelt, welcher sich gut zur Messung der 
Zerfallsgeschwindigkeit von K-Einfang-Nukleiden eignet. Die Durchfithrung von Absolut- 
bestimmungen der Zahlraten mit Hilfe dieses Zahlers mit Differential- und Integral-Impulsh6- 
hen-Selektor wird beschrieben. Methoden zur Bestimmung der Zahlausbeuten dieser Anord- 
nung fir verschiedene Réntgenenergien mit Hilfe von Koinzidenzmessungen und Messungen in 
einer Hochdruck-Ionisationskammer werden angegeben. Die erzielten Resultate werden mit 
Ergebnissen anderer Autoren Verglichen. 


* Operated for the AEC by Union Nuclear Company. 
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Assay of electron-capture nuclides with a proportional counter spectrometer 


INTRODUCTION 


OF the various modes of radioactive decay: 
negatron, positron, alpha emission, and 
electron capture, the last presents by far 
the most difficult problem in absolute 
assay. Other than problems relating to 
absorption in the sample, alpha assay has 
been fairly well routinized for pure radio- 
nuclides for a great number of years. 
Techniques such as coincidence counting, 
47 counting, gas counting, and scintillation 
counting allow the determination to within 
a few percent of the absolute disintegration 
rate of almost any beta emitter.’ An 
unfortunate consequence of this has been 
the great uncertainty in the assay of Fe*®, 
a pure electron-capture nuclide, emitting 
no gamma radiation, of great interest to 
medical and biological researchers. 

Various methods have been tried in 
the assay of electron-capture nuclides, with 
varying degrees of Since 
most electron capturers of interest lie in the 
low Z end of the periodic table, the energy 
of the X ray following K capture is low. 
For example, when the nucleus of Cr*4 
captures a K electron and changes to V*, 
the energy of the X ray emitted by the 


vanadium atom when the K vacancy is 
filled is only 4.43 keV. To further com- 
plicate the picture is the probability of L 
capture (0.10), and the fluorescence yield 
(about 0.26) which represents the pro- 
bability of the X ray actually escaping from 
the atom. The production of Auger electrons 
is the alternative to escape of the X ray 
from the atomic environment. Auger elec- 
trons have energies which may range from 
a few electron volts to several keV and 
are consequently of little value for direct 
assay. 

Ideally, to count X rays, one requires 
a counter with a window essentially trans- 
parent to X rays but of sufficient thickness 
to reduce substantially the number of 
electrons or beta particles which might 
accompany the decay. The counter should 
be filled with a gas of high atomic number 
so that maximum absorption of X rays is 
possible. In addition, the isolation and 
identification both qualitatively and quanti- 
tatively of the X ray should be possible. 
These requirements have been met quite 
satisfactorily in the X-ray proportional 
counter spectrometer described below. 


EQUIPMENT 


The counter (Fig. 1) has a positive high- 
voltage center wire of stainless steel 0.002 in. 
in diameter and a sensitive volume 13.3 cm 
long and 6.3 cm in diameter. The shell 
is 0.6 cm Al, and the window is 95 mg/cm? 
beryllium metal. An Al sample holder is 
attached above the window. The counter 
is filled with either 90% A-10% methane 
or 90% Kr-10% methane. The counter is 
connected through a preamplifier to a 
linear amplifier and a differential and 
integral pulse-height selector. The output 
from this is fed either to a scaler or to a 


linear count rate meter and Brown recorder. 
The entire assembly is shown in Fig. 2 and is 
similar to that described by Borkowski." 
The energy response is linear over the pulse- 
height range and may be calibrated by 
observing the peak positions of the K X-ray 
spectra of several different known energy 
sources. BERNSTEIN, BREWER, and RuBINSON"? 
have described a somewhat similar counting 
assembly, as have FRIEDLANDER éf al.) ‘These 
workers have used a theoretical calculated 
efficiency for the counter rather than an 
experimentally determined value. 


MEASURING PROCEDURE 


Aliquots of samples to be studied are 


evaporated to dryness on l-in. watch 
glasses, mounted on holed Al cards backed 
by scotch tape, covered with polystyrene, 


6 


placed on the second shelf of the sample 
holder, and the counting rate vs. pulse 
height obtained. A typical X-ray spectrum 
with Fe® as the source and the A-CH, 
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counter is shown in Fig. 3. The smaller, 
low-energy peak is caused by the escape 
of the argon fluorescent X ray from the 
counter: the energy of this peak is thus the 
energy of the primary peak minus the 
energy of the argon K X ray (3.1 keV). 
In Fig. 4 is shown a similar plot for Fe*, 
using the Kr-CH, filling. Here the escape 
peak is no longer present, since the X ray 
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from the Fe®> decay is of insufficient energy 
to excite the krypton fluorescent X ray. 

To determine the K-capture disinte- 
gration rate, the area beneath the primary 
peak on such a plot is obtained and cor- 
rected for absorption in the Be window, 
fluorescence yield (using the data of 
BurHop™)), and corrected to 100% ab- 
sorption in the gas using values for the mass 
absorption coefficient calculated by the 
method of E. Jonsson, as cited by Compron 
and Atutson.) This corrected value is 
then divided by the appropriate efficiency 
factor to obtain the K-capture disintegration 
rate. 

The efficiency of the counter as a function 
of X-ray energy has been obtained for the 
energy region 4-15 keV. The method used 
has been to prepare sources of K-capture 
nuclides, the X-ray disintegration rates 
of which have been determined by some 
independent method. ‘These sources have 
then been counted on the proportional 
spectrometer, corrections for window ab- 
sorption, gas absorption, and fluorescence 
yield made in a manner similar to that 
described above, and the efficiency of the 
counter calculated for the particular energy 
of the radiation. Efficiencies for both the 
A-CH, and the Kr-CH, counters have been 
obtained and are tabulated in Tables 1 
and 2. An average path-length has been 
used in making the correction for non- 
absorption of the X ray in the gas. For 
energies up to about 6 keV, the path-length 
is such that all the X rays are absorbed. 
From the data in Tables | and 2, it is seen 
that for energies up to 6 keV the efficiencies 
are essentially constant at about 0.039. 


Taste 1. Efficiency of X-ray proportional counter: 
counter filled to 1 atm with 90%, A-10% CH*. 
Source 2.7 cm from window 


Source E, (keV) Eff. 
Ger 4.43 0.038 
Mn‘*4 5.39 0.038 
| 6.37 0.040 
Zn® 8.01 0.037 
Sr® | 13.30 0.032 
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Tasie 2. Efficiency of X-ray proportional counter: 
counter filled to 1 atm with 90% Kr-10% CH?*. 
Source 2.7 cm from window 


Source E, (keV) Eff. 


0.039 
| 0.040 
| 0.041 
0.036 
0.034 


4.43 
5.39 
6.37 
13.30 | 


Mn*4 
Zn 65 
Sr8 


However, the calculated geometry for the 
equipment used indicates the efficiency 
should be about 0.047. This discrepancy 
could be explained by the presence of 
traces of air or other quenchers in the 


counter gas. It has been observed that over 
a period of three or more months the counters 
gradually lose resolution and become less 
efficient. The release of oxygen or other 
adsorbed gases from the inside walls of the 
counter has been postulated as one ex- 
planation; another would be entrance 
of air through minute leaks. Perhaps the 
presence of traces of impurities is the 
explanation for the lower-than-predicted 
geometry as well as the continued drop-off 
of efficiency with higher energy. In addition, 
some error may be contributed by the 
values used for the fluorescence yield, 
since considerable uncertainty exists in 
the literature concerning experimental re- 
sults in this low-energy region. 


STANDARDS FOR CALIBRATION 


The primary X-ray standardization 
method is that of coincidence counting. 
When the decay scheme is such that no 
B- or B* branching is present and the decay 
is accompanied by unconverted prompt 
gamma radiation, the K—X-ray disinte- 
gration rate is obtained as the product: 


N,N, 


where NV, = the observed X-ray counting 
rate in the X-ray counter, 


N., = observed y-ray counting rate 
in the y counter, 
N,_, = observed X-ray—y-ray coinci- 
dence counting rate. 


The equipment used for X-ray~y-ray co- 
incidence counting is an argon-methane 


INTERCOMPARISONS AND 


In October 1952, ampoules of an Fe®® 
solution prepared at ORNL were made 
available to installations interested in making 
a check comparison on Fe*®* assay. This 
solution was assayed at ORNL on the 
equipment previously described using an 
interpolated efficiency factor. The value 
of the Fe solution so obtained together 
with values obtained by other workers and 
other methods is shown in Table 3. This 
Fe®® solution is being used as a standard 


= Kd.p.m. 


beta proportional counter for the X rays 
and a Nal(T1) scintillation counter for the 
y rays. All sources used in calibration were 
checked for y purity by use of a Nal(TI) 
scintillation spectrometer.'® Nuclides deter- 
mined by coincidence counting were Cr°®}, 
Mn*™, and Zn®, In addition, the disinte- 
gration rate of these standards was checked 
by measuring the sources in a high-pressure 
ionization chamber" which had been cali- 
brated with coincidence-counted negatron- 
gamma emitters. To obtain d.p.m. rates 
from ion-chamber measurement, one 
measures the current produced by the y 
rays leaving the source, and knowing the 
y-ray energies and abundances, one calcu- 
lates the disintegration rate. This method 
has been used to determine the disintegra- 
tion rates of Co®§ and Sr®. 


OTHER NUCLIDES ASSAYED 


Taste 3. Assay of Fe®® check solutions 


Organization d.p.s./ml (Oct. 1952) 


5.8 x 104 
4.6 x 104 
6.0 x 104 
5.8 x 104 
4.5 x 104 
4.0 x 104 


ORNL X spect. 

ORNL (calc. from o act.) 
BNL 

Tracerlab (Berkeley) 
Chalk River (NRC) 
Tracerlab (Boston) 
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for the routine assay of Fe*® products with 
the X ray spectrometer. 

Other K-capture nuclides which have been 
assayed using this equipment include V*% 
Co®*, Co’, Cu®, As”, and Y*. 
Beyond 20 keV it has been found that the 
NalI(Tl) scintillation spectrometer is more 
efficient and satisfactory for X-ray counting. 
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Renewal of the Mineral Constituents 
of the Skeleton 


(Received 2 November 1956) 


Tue first application of artificial radioactive iso- 
topes in biological studies was the investigation if and 
to what extent the phosphorus atoms of the bone 
apatite of the fully grown rat are renewed. In the 
course of 24 hours about 30% of the phosphorus 
atoms were found to be replaced by labelled atoms. 
In view of the comparatively short life of P®*, the 
application of this radioactive tracer does not 
permit to follow the replacement of the mineral 
constituents of the skeleton during life. When, later 
on, Ca*® with 71). = 152 days was available, it was 
possible to follow the extent of replacement of the 
Ca atoms of the skeleton through the lifetime of the 
mouse. Ca‘*> was administered to pregnant mice 
and to the offspring while they were growing, 
obtaining thus uniformly labelled outgrown animals. 
The Ca*® content of the skeleton of a member of 
each litter was then determined. The other members 
were placed on a non-radioactive diet and killed at 
intervals within over | year. After the lapse of this 
time, which is a very large part of the lifetime of 
the mouse, out of the labelled calcium atoms present 
in the skeleton of the outgrown mice 67:2 + 7:9% 
were found still to be present in the skeleton of 
sister mice. 

When administration of Ca‘® was interrupted 
after the birth of the litter and its members, reared 
by inactive mothers, were sacrificed at different 
dates within 560 days, half of the calcium atoms 
present at birth were found to be preserved during 
the lifetime of the mouse. 

From the figures obtained for the passage of 
labelled calcium from one generation to the next, 
it follows that the eleventh generation no longer 
contains a single calcium atom of those present in 
the first generation of its ancestors. 

G. Hevesy 
Institutest fiir organisk kemi och biokemi 
18 N. Malarstrand 
Stockholm, Sweden 


An Emanating Source for ['*2 


(Received 5 December 1956) 


Coox, Eaxins, and VEALL have described” the 
laboratory preparation and clinical usefulness of 


85 


iodine-132. In their technique, iodine-132 accumu- 
lates as iodate through the radioactive decay of 
tellurium-132 in an acid permanganate solution. 
When required for use, the iodate is reduced to 
iodine and distilled off. The residual solution is then 
reoxidized with permanganate so that fresh [)*? will 
continue to accumulate as iodate. Further reduction 
is therefore required in order to obtain a further 
supply. When frequent use is to be made of such a 
source, and especially when the exact times at which 
it will be wanted are not accurately known in advance, 
this procedure is inconvenient. This is the more so, 
since the product has a half-life of only 2-4 hours. 
We have found that, under suitable conditions, the 
source can be kept permanently reduced so that the 
1182 accumulates as iodine and is readily volatile in a 
current of air. 

The apparatus used is shown in the diagram, and 
consists of a 250-ml flask surrounded by a heating 
element. A delivery-tube reaches to the ‘botto:n of 
the flask through which the source, in dilute sulphuric 
and phosphoric acids, is sucked into the generating 
flask; the method used will be obvious from the 
diagram. 0-1 ml of a 40% solution of hydroxylamine 
sulphate is then sucked in to effect reduction, while 
leaving a large excess of reducing agent. Most of the 
water is then distilled off, together with a first yield 
of [182, leaving a strongly-acid source containing only 
a little water. The temperature of the flask is then 
allowed to fall to about 60°C, at which it is main- 
tained. Under these conditions the source emanates 
I!82 continuously as molecular iodine, much of which 
accumulates in the air-space above the liquid. All 
that is necessary to procure a supply is to draw a 
current of air through the source. The agitation 
produced by the bubbling disengages further I!" 
from the solution. The I! vapour is trapped as 
iodide in N/100 sodium sulphite solution and is then 
ready for use. 

The reduction of iodine to iodide by hydroxylamine 
is rapid in neutral solution, and is far from negligible 
even in strongly-acid solutions at a temperature of 60°. 
This would result in immobilization of part of the I!* 
within the generating flask. Cook et al. have pointed 
out that this reaction may be suppressed by the 
addition of hydrogen peroxide. Our practice is to 
suck in 0-5 ml of 20-vol hydrogen peroxide at any 
time when the yield shows signs of falling below what 
it should be, or of being difficult to disengage icom 
the flask. 

It is unnecessary to empty the flask before the next 
delivery of tellurium is added. We have not dis- 
mantled our equipment for several months, during 
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AS 

Fic. 1. The emanating flask, with its heating mantle, is 
shown enclosed in its lead housing. Air, filtered by a glass- 
wool plug, is sucked in at A and emerges, carrying [}** 
vapour, at B, which is connected to a water-pump via a 
sodium sulphite trap. When the new consignment D is to 
be added, the tap C is closed whilst the pump is working; 
the polythene tube E£ is inserted and the consignment will 
then be sucked into the flask—followed by such washings, 
hydroxylamine sulphate solution or hydrogen peroxide as 
may be necessary. This arrangement is adopted to 
eliminate contamination of the upper part of the appa- 


ratus. The ground-glass joints are lubricated with anhyd- 
rous orthophosphoric acid. 


YG. 


SS 


<< 


which fresh tellurium has been added routinely each 
week. We find, also, that the large excess of hydroxyl- 
amine sulphate which we add appears to be quite 
stable from week to week, needing only occasional 
replenishment. The hydrogen peroxide is also stable 
for at least a week at a time. As the volume builds up 
inside the generating flask it ceases to be necessary to 
evaporate off water with each delivery. The whole 
equipment is enclosed in a specially designed lead 
shield, and when a supply of I** is required, all that 
is necessary is to turn the water-tap operating the 
suction pump until the requisite quantity has been 
carried over. 

The advantages of such a source are obvious. We 
have used it routinely in our thyroid investigations 
for 8 months during which time about five hundred 
tests involving its use have been carried out. Its 


behaviour has been completely stable and trouble- 
free. 

D. G. ARNoTT 
Physics Dept. C. P. PeERuMA 
The London Hospital 
Whitechapel, London, E.1 


Reference 
1. Coox G.B., Eakins J., and VEALL N. The production 
and clinical applications of I'%?. App. Rad. Isotopes 1, 
85-93 (1956). 


A Radioactivity Method for Measuring 
Wear in Ball Bearings 


EXPERIMENTAL evidence seems to indicate that the 
friction between metals is largely due to localized 
adhesions and represents the force necessary to shear 
these small junctions. This shear, in its turn, causes 
wear of the material, and it is thus important for a 
bearing manufacturer to study bearing wear as a 
function of the different variables that influence it. 
Furthermore, the life of a rolling bearing is in some 
applications (e.g. bearings running at high speeds or 
mounted in precision machines) determined by 
bearing wear, and not—as is usually the case—by the 
fatigue properties of the bearing material. It has, 
however, been found to be very difficult to measure 
wear in rolling bearings by conventional physical or 
chemical methods because of the very minute quan- 
tities that are to be measured. Since the radioactive 
tracer technique offers a possibility of making such 
measurements, a research project has been started 
at the SKF Central Laboratory, Géteborg, where the 
technique will be applied to studies of bearing wear. 


Experimental 


The experiments were performed on a single-row, 
deep-groove ball bearing with c. 47 mmo.d. The 
bearing material was a steel of composition: 1° C, 
15% Cr, 0-394 Mn. The bearing components were 
irradiated in a uranium reactor for about a month 
in a neutron flux of about 3-5 x 10" neutrons/cm?/sec. 
A period of 10 days was allowed before wear measure- 
ments were begun, to allow short-lived activities 
such as Mn*® to decay away. The remaining 
B-activity (c. 400 c.p.m. per 10-5 gram bearing 
material) was for all practical purposes due to Fe®® 
only. 

The radioactive bearing elements were thoroughly 
cleaned and assembled with nonactive components in 
such a way that each test bearing had only one 
element, i.e. balls, inner or outer ring, radioactive. 
After assembly, the test bearing was lubricated with a 
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small amount of grease, mounted in a life-testing 
machine and run at a certain speed under a certain 
load. At certain intervals the bearing was dismounted 
and washed in order to free it from grease and wear 
particles. This washing was done with the help of 
ultrasonics to ensure that all wear particles were 
really removed from the bearing. The bearing was 
then regreased, remounted, and again run for a 
predetermined time in the life-testing machine. 
This procedure was repeated until the bearing failed 
because of fatigue. 

The washing solution was filtrated and the wear 
particles separated from the grease by burning filter 
and residue in a platinum crucible. SiO, was fumed 
with hydrofluoric acid. The remainder was fused 
with potassium pyrosulphate and afterwards dissolved 
in a very dilute aqueous solution of hydrochloric 
acid. The solution was heated to the boiling point 
and two-valent iron oxidized to three-valent iron 
with a few drops of nitric acid. The iron was then 
precipitated from the solution as ferric hydroxide by 
adding ammonia. After filtration, the hydroxide 
was dissolved in hydrochloric acid and reprecipitated. 
The pure ferric hydroxide was then finally caught on 
a small circular Munktell OOH filter with the help of 
a suction apparatus, giving a vacuum of about 
40mm Hg. After both filtering operations, it was 
checked that no radioactivity was contained in the 
filtrate. 

The last filtering operation was found to be the key 
operation of the experimental procedure. In order to 
obtain reproducible results, i.e. in order to avoid 
any geometric effects when the radioactivity of the 
precipitate was determined later, the precipitate had 
to be very evenly distributed on the filter, and this 
was found to be difficult to attain unless 


1. The precipitate was permitted to set for a while 
before filtration, in order to let the precipitate 
coagulate and also to permit decanting— 
through the filter—before filtration. 

. The precipitate was prevented from adhering to 
the walls of the filtering funnel. (This difficulty 
was overcome by using a specially designed, 
shallow, bakelite funnel.) 

. The filtering operation was performed under a 
certain constant vacuum in order to obtain as 
uniform precipitates as possible. 


The filter with its precipitate was then dried at a 
temperature of about 100°C, whereafter the precipitate 
was fixed onto the filter with a few drops of a solution 
of a lacquer (Pantarol) in acetone. The filter was 
glued to a plain steel disc which exactly fitted the 
type of sample changer used in connection with the 
Geiger counter. The precipitate was thereby 
exactly centred on the steel disc and would thus also 


be exactly centred under the GM-tube during the 
measurements. 

The radioactivity of the precipitate was then 
finally measured in a Geiger counter and recorded. 
Under screened conditions the background was 20— 
30 c.p.m. Reference solutions were prepared from 
bearing material irradiated together with the bearing 
elements. From these reference solutions “reference 
precipitates’ were prepared, containing from 10-5 
to 5 x 10-4 g and with various proportions of added 
inactive carrier, from 1/1 to 1/100. Calibration 
curves derived from these samples showed that 
self-absorption was negligible. 


Results 


An example of the type of wear-curves obtained is 
given in the figure where the wear (in grams per cm 
race track) has been plotted as a function of time 
(in hours). All wear-curves were found to be 
exponential functions of the form 


W = at? 


where W = amount of wear, 


t = running time, 
a, 6 = constants. 


The curves in the figure are thus not drawn as the 
best fit through the data points, but represent the 
exponential functions which are best satisfied by the 
data. 

The reproducibility of the method is very good, as 
is evidenced by the wear-curve for the balls. The 
data points represented by filled and open triangles 
are taken from two parallel runs—the agreement is 
within experimental error. 
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The tracer technique just described is capable of 
measuring amounts of wear of the order of 10-5-10~8g. 
Furthermore, the technique makes it possible to 
separate the total wear of a ball bearing into its 
components, which is impossible with conventional 
chemical methods. 


The author wishes to thank the management of the 
SKF Company for kind permission to publish this 
note. 


Aktiebolaget Svenska Ur S. LANDERGREN 


Kullagerfabriken 
Goteborg, Sweden 


A Method for Measuring Terminal 
Velocity and Specific Gravity of 
Radioactive Particles 


(Received 26 November 1956) 


In the characterization of small radioactive particles, 
the terminal velocity, or rate of free fall in air, can be 
accurately determined with a velocimeter consisting 
of two collimated Geiger-Miiller detectors arranged 
along the path of fall so that the peak signals of the 
passing particles are recorded on a moving strip chart. 
This principle applied to terminal velocities of the 
particles in a series of liquids of known specific 
gravities can be used to determine the specific 
gravities of the particles. 

These methods were originally applied to particles 
with equivalent diameters* ranging from 176 to 
900 yw, and with weights from 4 to 790 wg. In shape 
they were extremely irregular with varying degrees 
of porosity. 


Terminal velocity in air 

To predict the approximate range of terminal 
velocities for particles of the dimensions given, the 
intermediate law of settling velocities can be used: 


D114 — p)0.7 
po-29 40-48 


where V = velocity, 
g = acceleration due to gravity, 
D = diameter of the particle (spherical), 
~, = specific gravity of the particle, 
p = specific gravity of the settling medium, 
u = viscosity of the settling medium. 


In this case, particle specific gravities of 2.0 to 3.0 


* Equivalent diameter = (length x width x depth)!’. 


were assumed and the predicted velocity range then 
became 3 to 20 ft/sec. 

The velocimeter for particles falling at this rate 
uses a 40-ft vertical pipe 10 in. in diameter as a 
settling chamber. Updrafts and turbulence are 
avoided by keeping the ends of the pipe closed. The 
particles are released at the top of the pipe, and, in 
order to allow terminal velocities to be attained, 
velocities are measured over the last 10 ft in the path 
of the fall. The essentials of the apparatus are shown 
diagrammatically in Fig. 1. 

The release mechanism consists of a rigidly moun- 
ted glass vial against which is mounted the stylus of a 
vibrating engraver. The particle, positioned at the 
shoulder of the inverted vial, drops immediately when 
the vibrator is actuated. 

Two thin-wall Geiger-Miiller tubes are set in slots 
cut a known distance apart (X = 10 ft) at the bottom 
of the 40-ft pipe. The pulses generated in these tubes 
at the passage of a particle are converted to direct 
current in the counting-rate meter and are recorded 
as a pair of peaks on a high-speed strip chart. The 
speed of the chart is S in./sec, and the distance 
between the peaks is d. The velocity of the particle, V, 


is then obtained from V = =. 


In the subject experiments, eighteen particles were 
tested with a range in velocities of 2.20 to 14.30 ft/sec. 
The reproducibility of repeat measurements is 
illustrated by a calculated group variance of 0.01. 

Although the use of the method was confined to 
relatively large particles, it appears applicable to 
much smaller radioactive particles. For smaller 
particles, correspondingly shorter paths of fall could 
be used, but greater care must be exercised in 


Vibrator 


ial with particle 


inch duct 


Thin-wall 
Geiger-Miiller tube 
Detector #1 


Strip chart 
recorder 


Counting rate 
meter and 
high voltage 


supply 


oe Detector 2 


Thin-wall 
Geiger-Miiller tube 
Fic. 1. Application of the velocimeter to the deter- 
mination of the terminal velocities of radioactive 
particles in air. 
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Particle introduced here 


Thermometer 
well 


Detector 
i 
| Detector #22 2 
To Water 
power supply, 


counting rate meter, 


an 
strip chart recorder 
Holding chamber 
for particle 
Fic. 2. Apparatus for the determination of thermal 
settling velocities of radioactive particles in liquids. 


shielding the detector tubes in order to produce 
sharp peaks on the recorder chart. 


Specific gravity 

The same principle of timing the fall of the particles 
through a measured path is useful in estimating their 
specific gravities by employing dense liquids as the 
settling media. For this purpose, a simple settling 
chamber can be devised from a Liebig-type con- 
denser, as shown in Fig. 2. 

A particle is placed in the same liquid as contained 
in the settling chamber and then introduced carefully 
at the top with an eye-dropper. Its terminal settling 
velocity is observed only after settling well into the 
water-jacketed portion of the liquid. The water 
jacket is necessary, since it was found that 
environmental temperature variations cause settling 
rates to be extremely variable. Settling rates are 
determinable either by a velocimeter or, if the 
particles are visible, by timing against the scale 
mounted behind the settling tube. It should be 
noted that a particle can also be introduced in liquids 
of greater specific gravity by releasing it from the 
holding chamber at the bottom of the column. In 
this manner, the rate of rise in the denser liquid 
can also be measured. 

In order to determine the specific gravity of a 
particle with this apparatus, it is necessary to measure 
its terminal velocity in a series of liquids with a 
graduated increase in specific gravity. In these tests 
the graduations were of the order of 0.1 to 0.2. The 
liquid specific gravities were determined to three 
decimal places by pyknometry. The liquids chosen 
for these measurements were  tetrabromoethane 
(specific gravity = 2.964) and butyl carbitol (specific 
gravity = 0.955). This combination of two high- 
boiling liquids allowed a wide range of specific 
gravity with little likelihood of change due to 
evaporation. 


By making a plot of the terminal velocities against 
the specific gravities of these liquids, a curve is 
obtained that approaches zero velocity, at which 
point the specific gravities of particle and liquid are 
identical. In Fig. 3, examples are given of one 
specific gravity obtained by interpolation and one by 
extrapolation. The extrapolation was necessary 
because the particle specific gravity was slightly 
greater than that of the densest liquid available. 
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Fic. 3. Determination of particle specific gravity by 
measurement of terminal settling velocities in liquids. 


Attention is called to the more linear nature of the 
plot for particle G in Fig. 3. This behavior is a con- 
sequence of its smaller size. With decreasing size, 
the particles approach the range of diameters for 
which the linear Stokes-law equation holds rather 
than the exponential intermediate law equation: 


_ gD*(p, — p) 
18u 


This linearity suggests for a particle less than 100 
or 150 w equivalent diameter a short cut in which the 
terminal velocity of the particle need be measured in 
only two liquids. Then when the specific gravities 
and viscosities of the two liquids are known, the two 
measured velocities suffice to give the particle 
specific gravity from the equation, 
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Détermination de Concentrations 
par Rétrodiffusion 


Introduction 


Le nombre d’électrons rétrodiffusés d’un faisceau 
direct par une solution ou un alliage, dépend, toutes 
autres conditions égales, de leur nombre atomique 
moyen défini par 

Z = 


ou c, et Z; représentent la concentration pondérale et 
le nombre atomique du constituant i de la solution ou 
de l’alliage. 

On exploite cette propriété pour déterminer a 
l’aide de jauges a rétrodiffusion /, les concentrations 
de solutions en corps dissous a partir des courbes 
d’étalonnage de ces jauges, donnant le taux de 
comptage des électrons diffusés en fonction des 
concentrations. 

Nous avons étudié expérimentalement |’améliora- 
tion de cette méthode par filtrage du rayonnement 
rétrodiffusé. 

Le schéma du dispositif expérimental utilisé, qui 
a déja été décrit en détails dans une note récente, est 
représenté a la figure 1.) 

Les essais ont été effectués avec une source de 
quelques microcuries de phosphore-32 (1-701 MeV) 
et différents types de solutions aqueuses. 


Resultats 
Pour représenter les résultats de nos essais, nous 
avons posé: 


ou N est le taux de comptage dui aux électrons 
rétrodiffusés par la solution et N, celui qui correspond 
au dissolvant seul. 

« caractérise le contraste existant entre la solution 
et le dissolvant seul. Plus il est grand, plus il est aisé 


GM Amperex 200 CB 


Dimensions: mm 
Fic. 1. Dispositif expérimental. 
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Fic. 2. « = f(c). 
Source T12°, 


Solution aqueuses de KI. 


de déterminer de faibles différences de concentration 
en corps dissous. 

La figure 2 représente les variations de « en 
fonction de la concentration en poids ¢ d’iodure de 
potassium dans une solution aqueuse. L’épaisseur 
du filtre utilisé est indiquée sur chaque droite. 

On remarque que « augmente lorsqu’on filtre le 
rayonnement rétrodiffusé et que pour de faibles 
concentrations, « est une fonction linéaire de c: 
a=p.e. 


Fic. 3. 


50 100 150 
Filtre en Al 


La figure 3 montre que le coefficient de proportion- 
nalité p tend vers une limite correspondant a 0,2 fois 
le parcours maximum des électrons de la source. 


Conclusions 
Par filtrage du rayonnement rétrodiffusé, on 
améliore la sensibilité de la méthode. L’amélioration 
maximum est obtenue avec un filtre d’épaisseur égale 
a 0,2 fois le parcours maximum des électrons du 
radioélément utilise. 
Louis DANGuUY 
Institut Interuniversitaire des Sciences 
Nucléaires. Centre de Mons 


. 
| 
2 
| 
urce 
° 


Fic. 1. Assembled apparatus used in rapid determination of microgram quantities of protein. 
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A Tracer Method for the Determination of 
Microgram Quantities of Protein* 


(Received 7 January 1957) 


Introduction 


A NEw and rapid technique for the determination 
of microgram quantities of protein has been developed. 
Essentially the method involves the precipitation 
of the protein by radioactive tungsten (W18*) in 
the form of K,WQ,), retention of the protein- 
tungsten complex on membrane filters, and the 
determination of the radioactivity present on the 
filters. This technique was applied to proteins 
such as bovine albumin and gelatin. 


* This project was performed under Contract of the 
Chemical Corps. All radio-isotopes were obtained from 
U.S. Atomic Energy Commission through Oak Ridge 
National Laboratory. 


albumin 


Abela 


10 15 
Protein HS 


Fic. 2. Net counts per minute vs. concentration of 
gelatin and bovine plasma albumin. 
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Materials and methods 


Tungsten!®5 was obtained from Oak Ridge 
National Laboratory as K,WO, in KOH solution. 
The stock tungsten isotope, with an activity of 0-11 
microcurie per wg tungsten, was diluted to a concen- 
tration of 10-4 ug tungsten per ml. The protein 
samples were diluted to the required concentration 
range, 1-50 ug per ml. It was necessary to add 
sufficient acid to the reaction mixture to neutralize 
the alkaline tungstate solution and to lower the pH 
below the isoelectric point of the protein. As the 
amount of tungstate bound to the protein as well as 
to the membrane filter were both affected by the 
final pH, it was necessary to determine the optimal 
conditions for the reaction. This was done emperi- 
cally by adding 0-5 ml of various concentrations 
of HCl to a series of samples and choosing as the 
standard condition that quantity of HCl yielding the 
best possible combination of high net count and low 
blank count. The concentration of HCl so chosen 
was 0-01 N. 

Then l-ml protein samples in test-tubes were 
acidified with 0-5 ml of 0-01 N HCl. To each sample 
was added 1 ml of the diluted tungstate, and the 
contents mixed. After 2 min the reaction mixture 
was removed by pipette and filtered through a 
SCHLEICHER and ScHUELL coarse membrane filter 
(0-75-3-0 u pore diameter) in a Tietz microfilter“) 
apparatus. The filters were washed twice with 
2-5 ml of distilled water. Suction was continued for 
a total of 4 min. The filters were removed and dried 
while weighed to prevent curling. The samples were 
counted with an end-window Geiger counter of 
3-5 mg per sq. cm thickness. Protein-free controls 
were run under similar conditions. 

The apparatus involved is illustrated in Fig. 1. 
The Tietz microfilter is attached to a filter flask by a 
rubber stopper and connected to a vacuum pump by 
means of an acetone dry-ice trap. An automatic 
pipette is used for dispensing the isotope. 


Results 


For the proteins examined thus far the net counts 
obtained appear linear over the range 1-10 yg protein. 
In Fig. 2, representative counts for crystalline 
bovine plasma albumin (Armour) and for gelatin 
are presented. Above 10 wg protein the counts level 
off and the 50-~g counts (not shown) are considerably 
lower than the 25-yg values. 

For each protein a separate standardization curve 
appears necessary. For proteins of widely differing 
isoelectric points, the proper acid concentration 
has to be determined. The system must also be 
recalibrated when batches of isotope of different 
specific activities are used. Decreased counts due to 
aging of the isotope can easily be corrected with a 
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decay curve. Once standardization has been com- 
pleted, the technique is simple and fast. 


Discussions and conclusions 


Prior to the adoption of tungsten as the element of 
choice in this system, other radioactive ionic species 
were tested. Utilizing the same separation by mem- 
brane filters, under appropriate pH conditions, 
evidence was found for the binding of Sr** (Sr®9Cl,), 
Y*** (YCl,), Agt (AgM°NO,), and tantalate anion 
(K,Ta,!*°O,,) in microgram quantities by egg 
proteins. However, there was no evidence for 
binding of TI* (T?°NO,). 

The qualitative results obtained agree with 
those findings previously cited in the literature. 
Benescu and Benescu") used Agt for quantitative 
titrations of protein sulfhydryl groups; Lewin‘) 
prepared crystalline derivatives incorporating Sr **, 
Ag*, and WO,- into various serum albumins; 
and Tanrorp,) using a polarographic technique, 
found no interaction between Tl* and bovine serum 
albumin. 

The many methods used in studying protein 
interactions as well as some of the inherent errors 
involved have been reviewed by Ktiorz.'® In a 
number of these, measurement of free and total ion 
concentrations are required. It is our contention that 
not sufficient use has been made of radioactive species 
for these applications. 

Thus, the membrane filter technique cited above 
can be converted to an ultrafiltration scheme by 
interposition of filters of a pore size small enough to 
retain all the protein. By counting samples of the 
initial reaction mixture and the ultrafiltrate, the 
quantity bound may be readily computed. The 
counts obtained can easily be converted to ion 
concentrations by determining the overall counting 
efficiency for each isotope. The same reasoning 
applies to any other ultrafiltration technique. 

An alternative, and perhaps preferable, method 
would be to use tracer ions in conjunction with the 
equilibrium dialysis technique frequently employed. 
With knowledge of the total volume of the system 
and the amount of isotope initially added, a deter- 
mination of the equilibrium isotope concentration in 
the dialysate makes possible the calculation of the 
bound ion. PressMAN and thus used 
labeled p-iodo benzoate in determining binding at 
different serum concentrations. 


In these or other methods requiring concentration 
measurements, the use of radioisotopes permits the 
use of extremely low concentration of reactants. 
As has been previously noted, reactions between 
proteins and ions, both in quantities of less than 10 
ug/ml, can be easily detected. With the use of the 
processed, high specific activity isotopes now available 
ion concentrations in the range of 10-5 to 10-7 
molar can easily be determined in samples of less 
than 1 ml. Isotopes of favorable half-lives are 
available for many of the less common elements 
whose reactions with proteins have not been fully 
investigated. 


Summary 


A technique is described which utilizes radioactive 
tungsten for the determination of protein concen- 
trations in the range of 1-10 ug/ml. It has been 
noted that Agt, Sr++, Y***, and the tantalate anion 
are all bound to protein to some extent, while TI" is 
not bound. A suggestion is made that the numerous 
radioactive ionic species now available might well 
be applied to further studies of ion binding by proteins. 


ALAN M. SHEFNER 

Biology and Bacteriology RicHARD EHRLICH 
Research 
Armour Research Foundation 
Illinois Institute of Technology 
Chicago 16, Jil. 

Harry C. EHRMANTRAUT 
Spinco Division 
Beckman Instruments 
Palo Alto, Calif. 
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ARGENTINA 


ALL radioisotope work is centralized at the ““Comision 
Nacional de Energia Atomica” in the Radiochemical 
and Inorganic Chemistry Divisions. The Radio- 
chemical Division has developed a research pro- 
gram for the characterization of short-lived 
nuclides which are obtained by means of a 30-MeV 
deuteron synchrocyclotron or a 1-MeV Cockcroft- 
Walton accelerator. The result of this research has 
been published elsewhere. 


FRANCE 
O.E.E.C. Conference on Nuclear Energy for Management 


Tuts conference will take place in Paris from 
1 to 6 April 1957. 

It is organized by the O.E.E.C. European 
Productivity Agency, assisted by the Organization’s 
Nuclear Energy Secretariat. 

Its purpose is to provide industrialists with 
information on: 


The progress and present status of nuclear 
technical development, 

The economic prospects offered by nuclear- 
energy development in European countries 
and their overseas territories, 

Problems in construction and operation of 
nuclear plant, 

Opportunities offered by the use of radioisotopes 
in industry. 


Papers will be read by members of Atomic Energy 
Commissions and industrialists directly concerned 
with nuclear work. The chairman at the first day’s 
meeting will be Professor Francis Perrin, High 
Commissioner for Atomic Energy (France). 


Conservation de Produits Alimentaires 


VincT deux entreprises de conservation de produits 
alimentaires se sont groupées pour fonder la Société 
*‘Conservatome’”’ qui a pour objet |’expérimentation 
des procédés et des appareils destinés a la conserva- 
tion des produits de toute nature par utilisation des 
rayonnements. 


U.N.E.S.C.O. 


International Conference on Radio-Isotopes in 
Scientific Research 
An International Conference on Radioisotopes in 
Scientific Research will be held in Paris from 9 to 
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20 September 1957. This Conference is being 
convened by U.N.E.S.C.O. 

Its purpose is to bring together a large number of 
specialists in the various scientific disciplines inter- 
ested in the use of radioisotopes, so that they may 
submit the results of their research and exchange 
information and views on a series of subjects in 
which developments are proceeding at a particularly 
rapid pace. The Conference will be devoted to the 
presentation and discussion of scientific papers 
dealing with original research. 

The Conference will be primarily devoted to the 
exposition and discussion of new ideas or methods 
for the utilization of radio-isotopes in scientific 
research. Nevertheless, new ideas concerning the 
production of radioisotopes (for example, the 
constitution of intense sources or the production of 
isotopes which have hitherto been difficult to obtain) 
may be discussed. Similarly, it will be possible to 
deal with recent progress in measuring techniques 
calculated to facilitate the use of radioisotopes. 
Problems relating to the use of stable isotopes will 
only be dealt with when they are presented in 
comparison with a similar use of radioisotopes. In 
the same way, radiations produced by machines 
(particle accelerators, etc.) will only be discussed 
by analogy. 

Papers will be grouped into the following sessions: 


Plenary meetings 


1. New developments in measuring techniques 
(including autoradiography and low-level counting). 

2. Significant development in the production of 
radioisotopes (including intense sources, difficultly 
available isotopes, etc.). 


Section 1: Radioisotopes in the physical sciences 


1. Use of radioisotopes in solid state physics. 
2. Use of radioisotopes in other physical research. 
3. Use of radioisotopes in physical chemistry 


research. 

4. Use of radioisotopes in analytical chemistry 
research. 

5. Use of radioisotopes in organic chemistry 
research. 


6. Use of radioisotopes in geophysical, geological, 
and archaeological research (including meteoro- 
logy and oceanography). 

7. Use of radioisotopes in metallurgical research. 

8. Use of radioisotopes in engineering - research 
methods. 
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Section 2: radioisotopes in the biological sciences 

1. Use of radioisotopes in biochemical research 

(including plant biochemistry and _photo- 

synthesis). 

2. Use of radioisotopes in animal and human 

physiological research. 

3. Use of radioisotopes in animal and human 

nutrition research. 

4. Use of radioisotopes in basic medical and 

pharmaceutical research. 

5. Use of radioisotopes in plant physiology 

research. 

6. Use of radioisotopes in agricultural research 
(including plant nutrition and soil fertility, and 
insecticide and fungicide research). 

. Use of radioisotopes in zoological and ecological 
research (including entomology and marine 
and fresh-water biology). 

Participants wishing to present papers should 
submit to U.N.E.S.C.O. before 1 May 1957, the 
title, as well as a summary (250 words in length), 
of any paper proposed and, before 1 July 1957, the 
complete text of the paper. Only strictly scientific 
papers dealing with original research can be accepted. 
The working languages of the Conference will be 
English and French. The records of the Conference 
will be published. 

All supplementary information can be obtained 
either from U.N.E.S.C.O.—Radioisotopes Con- 
ference—19 Avenue Kléber, Paris 16e, France, or from 
the competent national authorities in each country. 


U.S.A. 
Tue Oak Ridge Institute of Nuclear Studies will 


hold a special two-week course in radiation chemistry 
for ninety scientists and teachers active in the 
field—25 March-6 April. 

The regular four-week basic courses in radio- 
isotopes techniques offered by the Oak Ridge 
Institute of Nuclear Studies are scheduled as follows: 


Class 58—27 May. 
Class 59—24 June. 
Class 60—9 September. 


The 1957 Nuclear Congress will be held at Con- 
vention Hall, Philadelphia, Pennsylvania, 11-15 
March 1957. Four major events of the Congress 
include the Second Nuclear Engineering and 
Science Congress, the Fifth Atomic Energy for 
Industry Conference, International Atomic Expo- 
sition, and Fifth Hot Laboratories and Equipment 
Conference. 

The Office of Naval Research and the Glenn L. 
Martin Company will sponsor a Colloquium on 
Radiation Effects on Materials, 27-29 March at 
Johns Hopkins University, Baltimore, Maryland. 

20-22 August, 1957, Northwestern University will 
hold a conference on Liquid Scintillation Counting 
at the Technological Institute, Evanston, Illinois. 
A wide range of topics on the theory and application 
of liquid scintillators is covered by invited papers: 
Coincidence counters, single channel counters, 
chemistry of liquid scintillators, and applications 
in biology and medicine, industry, archaeology, 
physics, chemistry, and engineering. Abstracts of 
non-solicited papers should be sent to the Program 
Chairman, Dr. F. Newron Hayes, Los Alamos, 
New Mexico, by 1 June, 1957. 
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Therapeutic Use of Artificial Radioisotopes. 
Edited by Paut F. Haun, John Wiley, New York; 
Chapman and Hall, London, 1956. 414 pp. $10.00. 


Ir the treatment of malignant disease by radio- 
active isotopes has proved disappointing in its 
results, this is probably because we have expected 
too much. Faced with a happy choice of radioactive 
materials in abundance,...one would think that 
tremendous strides in the treatment of malignancy 
would have been forthcoming.... But, says Dr. 
Haun, the editor of this work, ‘““The answer to the 
cancer problem lies in prevention or interruption 
of growth at the source, and not in the treatment of 
a well established neoplasm. Such goals do not 
lie within the ready effectiveness of ionizing radia- 
tions in our present ability to use them. ‘This 
does not mean that a limited number of cures of 


cancer will not be effected with artificial radio- 
isotopes. Much palliation is bound to be achieved.” 
This sober assessment sets the keynote for this most 
valuable work, to which 29 outstanding authorities 
in the international field of radioisotope research 
have contributed. The coverage includes the 
physical and biological and technical aspects of 
radioisotope therapy, as well as all the important 
clinical applications to both malignant and non- 
malignant conditions, and is as admirable as one 
would expect from this distinguished team. The 
editor is to be congratulated on having produced 
what is probably the most comprehensive and 
authoritative work on the subject yet published, 
and notwithstanding the large number of contri- 
butors, the absence of overlapping in the contri- 


butions is a noteworthy achievement. 
W. M. Levirr 
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Papers accepted for publication in forthcoming issues 


J. R. Hopkinson: A radio-active tracer 
technique for the study of turbulent diffusion 
and mixing in coal-mine ventilation. 
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vestigating the process of drying. 
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graphical absolute method for range deter- 
mination of # particles. 
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SrroTINA: Radiometric titration of rare 
elements (determination of beryllium, zir- 
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A Radioactive Tracer Technique 
for the Study of Turbulent Diffusion 
and Mixing in Coal-Mine Ventilation 


J. R. HODKINSON 
Safety in Mines Research Establishment, Sheffield, England 


(Received 13 August 1956; in final form 24 December 1956) 


OL. Radioactive tracer methods are being used to study the turbulent diffusion and mixing 

2 that gases and respirable dusts (smaller than 5 microns) may be expected to experience in 
mine workings. The first studies relate to sampling airborne dust concentrations. A few 
millicuries of Br? (as CH,Br vapour) are released in a ventilated gallery, the air at twenty- 
five positions downstream is sampled through granulated charcoal collectors, and comparative 
concentrations are measured by y-scintillation counter. The present accuracy is +1-7% 
standard deviation. The results obtained, and the extension of the technique and its applica- 
tions, are discussed. 


UNE TECHNIQUE PAR TRACEUR RADIOACTIF POUR L’ETUDE DES 
PROBLEMES DE DIFFUSION ET MELANGE TURBULENTS EN MATIERE 
D’AERAGE DANS LES MINES DE CHARBON 


Des méthodes par traceur radioactif sont utilisées 4 l’heure actuelle pour I’étude des problémes 
de diffusion et mélange turbulents, qui sont susceptibles de se présenter dans les travaux 
miniers pour les gaz et poussiéres respirables (granulométrie inférieure 4 5 microns). Les 
premiéres études sont relatives a l’échantillonnage des concentrations de poussiéres en sus- 
pension dans I’air. Quelques millicuries de Br8? (sous forme de vapeur de CH,Br) sont 
libérées dans une galerie ventilée. En vingt-cinq positions situées en aval dans le sens de 
l’aérage, on procéde a l’échantillonnage de l’air a travers des collecteurs 4 charbon actif 
granulé; les concentrations relatives sont mesurées a l’aide d’un compteur a scintillations y. 
La précision actuelle est donnée par un écart type relatif de 1,7%. Par ailleurs on discute 
les résultats obtenus ainsi que le développement de la technique et ses applications. 


MCCIEQOBAHWUE TYPBYJEHTHOM I CMEIIMBAHIA B 
IITPERAX METOJIOM PAJIMOARTUBHBIX 

pu padote B maxtax. J[aHHble OTHOCATCA K B3ATHIO 
(Bp suze napos CH;Br), ompodopanne MOMOLM 
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Jj. R. Hodkinson 


C j{peBeCHbIM B 25 TOUKAX 
HbIM TouHOCTh M3MepeHnii JOXOAMT B HacToAMee BpemA + 1,7 %. 


DIE RADIOAKTIVE SPURENTECHNIK IN DER UNTERSUCHUNG TURBU- 
LENTER DIFFUSION UND MISCHUNG IN DER GRUBENVENTILATION 


Die radioaktive Spurenmethode kann Auskunft geben iiber die voraussichtliche turbulente 
Diffusion und Mischung von Gasen und toxischen, einatembaren Stauben (unter 5 mikron) 
im Grubenbau. Anfangliche Versuche befassen sich mit Probenuntersuchungen an flug- 
fahigen Staubkonzentrationen. Ein paar Millicuries Br®* werden als CH,Br Dunst in eine 
Ventilationsstrecke eingefiihrt, Proben werden an fiinfundzwanzig Stellen der abwartigen Be- 
wetterung mittels Holzkohlensammlern entnommen und Vergleichsmessungen der Konzen- 
tration mit y-Szintillationszahlern vorgenommen. Derzeitige Genauigkeit ist +1,7 Prozent 
Normabweichung. Die Ergebnisse und die Vervollkommung der Methode und ihre Anwen- 


dungsméglichkeiten werden besprochen. 


INTRODUCTION 


RADIOACTIVE tracer techniques are being 
developed in order to study the processes 
which govern the mixing of gases and dusts 
with the air ventilating mine galleries. The 
first application has been to problems which 
arise in sampling the airborne concentra- 
tions of respirable dusts. 

At present there is no respirable dust- 
sampling instrument which can be attached 
to a miner to measure his dust exposure, 
which is therefore estimated by an instru- 
ment placed as near as possible to his 
working-place. For a few special investiga- 
tions the sampling instrument is kept some- 
what closer to the miner by an operator 
who follows his movements as best he can. 
Such exposure estimates can be misleading 
when the dust concentration varies in space. 
For routine monitoring of the effectiveness 
of dust suppression measures, on the other 
hand, an index of the total quantity of 
respirable dust made airborne by a machine 
or a mining operation is required. Then 
the sampling instrument must be placed 
some distance from the source of dust, so 
that by the time the dust has reached the 
instrument it has become uniformly mixed 
with the air. The mixing distance varies 
with the type and situation of the dust 
source and with the nature of the obstruc- 
tions, irregularities and wall roughnesses of 
the mine gallery or coal-face. 


It would be very difficult to arrange simul- 
taneous sampling from an adequate number 
of points in a mine working-place, so the 
mixing studies had to be pursued in experi- 
mental galleries and in models. 

The standard instrument for measuring 
respirable dust concentrations in British 
mines is the thermal precipitator.”) An air 
sample is drawn through a narrow channel 
past a hot wire which causes the fine dust 
to be deposited by differential molecular 
bombardment on to a pair of glass slips 
forming the channel walls. A few hundreds 
of the dust particles are subsequently sized 
and counted under a high-power optical 
microscope. The results are not accurate, 
the labour of dust-counting limits severely 
the number of measurements made, and 
several thermal precipitators assembled close 
together in a gallery would modify the 
air-flow. 

The investigations were therefore con- 
ducted with a gaseous radioactive tracer. 
The dust particles retained in the lung 
alveoli are generally those with a terminal 
settling velocity less than that of a 5 w sphere 
of unit density, namely 4-7 cm/min, a neg- 
ligible velocity compared with ventilation 
speeds of the order of 1 m/sec. Their loss 
from the airstream is of the order of 2°% of 
the number of particles of size 0-5 to 5 w 
for each 100m of gallery travelled. They 
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follow the turbulent motion of the airstream 
almost as closely as a gas, and their mixing 
pattern is not significantly affected by 
settlement unless their diameter exceeds 
about 10 w.:) In coal-mine galleries the 
turbulent diffusion of a gas proceeds at a 
rate one hundred to one thousand times faster 
than its molecular diffusion, which can con- 
sequently be neglected. ‘The tracer gas 
therefore experiences the same turbulent 
mixing as a respirable dust. 

A radioactive tracer gas has _ several 


advantages over a_ chemically-detected 
tracer. The amount of material is small, 
for very low concentrations can be measured 
accurately, and at the same time accuracy 
can be maintained over a wide range of 
concentrations. The measurement of an 
air sample is rapid and easy and does not 
require the expulsion of the tracer gas from 
the absorbent, often necessary with chemical 
tracers. The radioactive method can also 
be developed to give a continuous record 
of the concentration at any point. 


2. THE TRACER TECHNIQUE 


The experimental arrangement is shown 
in Fig. 1. The tracer gas, highly diluted 
by the compressed air in the cylinder, is 
released steadily for 10 min at the desired 
point in the ventilated gallery and sampled 
at the chosen distance downstream by an 
array of twenty-five sampling tubes disposed 
across a transverse section of the gallery 
and supported on a light, open framework 
(Fig. 2). The sampling tubes, 1-8 m long 
and 1-3 cm diameter, are connected to the 
sampling trolley (Fig. 3), where the tracer 
is absorbed in twenty-five pairs of granulated- 
charcoal collectors (Fig. 4) mounted on a 
chest exhausted by a fan. Each pair of 
collectors communicates with the fan chest 
through a calibrated orifice plate which 
measures the sampling air-flow. After sampl- 
ing, the y activities of the collectors are 
measured by a scintillation counter (Fig. 5) 
and corrected for the sampling air-flows to 


6ft 


give the relative concentration distribution 
across the gallery at the sampling position. 

The tracer is bromine-82 (eight y emissions 
with energies from 0-55 to 1:47 MeV, 6 
emission of maximum energy 0-465 MeV, 
disintegration half-life 35-9 hours) in the 
form of methyl bromide vapour, prepared 
from 5 g of pile-irradiated potassium bromide 
by the reaction"? 


KBr + (CH,),SO,— CH,Br* + KCH,SO, 


The methyl bromide (boiling point 3-56°C) 
is collected in a cooled stainless-steel U-tube. 
This is connected between a full and an 
empty compressed-air cylinder and the 
methyl bromide vapour (about | litre) is 
swept into the empty cylinder, of volume 10 
litres, which is charged to 50 atm pressure by 
the scavenging air. The methyl bromide at a 
dilution of | part in 500 can then be released 
from the cylinder into the experimental 
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Fic. 1. Arrangement of tracer-gas release and sampling 
apparatus in a gallery. 
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Fic. 4. Charcoal collector pair. 


gallery. Its mean chemical concentration 
in the ventilating air may be as low as | part 
in 10%, and dilutions of 1 in 10" can be 
measured. About 5mc of activity were 
used for a gallery of section 5-2 m? ventilated 
at 0-75 m/sec (150 ft/min), but 1 mc would 
have sufficed. 

The release of 5mc of tracer in this 
gallery would result in an ingestion of 0-85uc 
by a man breathing air in the gallery at 
40 |./min at the mean tracer concentration. 
Ten such releases would give a dose of 
8-5 wc. The continuous tolerance level for 
ingested bromine-82 is approximately 
10 wc. In fact, the air in the experimental 
galleries is not breathed by anyone during 
an experiment; but it is clear that if an 
isolated set of experiments were performed 
in a mine, the contaminated air could be 
breathed in safety everywhere except in the 
zone of high concentration close to the source. 

The charcoal collectors (Fig. 4) contain 
about 30g of nut charcoal of grain size 
0-25 to 0-32 mm (sieve size 40- to 50-mesh 
I.M.M.) previously dried overnight at 120°C. 


The collectors are used in pairs as a check 
on the collection efficiency of the charcoal 
at the low chemical concentrations employed. 
Occasionally the second collector of a pair 
shows a very small count, attributed either 
to penetration of the charcoal bed or to 
leakage at one of the rubber seals. If air 
is allowed to pass for several hours, however, 
there is an appreciable elution of the absorbed 
methyl bromide. The rate of sampling 
through each collector pair is about 15 1./min, 
giving a pressure-drop of about 20 cm water 
gauge. The pressure-drop in the sampling- 
tube array and manifold is about 5cm 
water gauge, and there is a further drop of 
5cm water gauge across the orifice plates, 
read by a glass-engraved double-capillary 
manometer which can be connected across 
each orifice in turn by a 25 way switch.’ 
A 1 h.p. centrifugal fan maintains a negative 
pressure of 30 cm water gauge in the trolley 
chest. 
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Fic. 5. Scintillation counter. 
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Fic. 2. Sampling-tube array seen from upstream (manifold 
and trolley not shown). 


Fic. 3. Collector trolley. 
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After each experiment the charcoal is 
transferred from the collectors to 120 ml 
bottles, shaken mechanically for 5 min, and 
replaced in the collectors. This distributes 
the absorbed activity uniformly throughout 
the volume of the collectors, which are then 
placed in a close-fitting specimen recess over 
the phosphor of the scintillation counter. 
The background count rate is usually about 
25 counts/sec and the mean collector y-count 
rate for an experiment is about 5000 counts/ 
sec. A phosphor of  thallium-activated 
sodium iodide immersed in liquid paraffin 
has been used with an eleven-stage photo- 
multiplier, also a plastic phosphor, 
terphenyl and tetraphenyl butadiene in 
polyvinyl toluene, with a fourteen-stage 
photomultiplier. The output pulses are fed 
to an amplifier, pulse-amplitude discrimina- 
tor, and ratemeter. 

The chief sources of error in the con- 
centration measurements are: (1) geo- 
metrical errors resulting from slight vari- 
ability in repacking the charcoal after 
shaking it; (2) errors in measuring the 
air-flow in the sampling channels; (3) 
statistical errors in the ratemeter measure- 
ments; (4) instability of the photomultiplier, 
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Fic. 6. Accuracy of tracer-gas technique: distribution 
of measurements when all channels sample identical 
concentrations. 


high-voltage supply, and pulse-amplitude 
discriminator. Fig. 6 shows the distribution 
of concentration measurements when all 
twenty-five channels are made to sample 
identical concentrations of tracer gas. There 
is a standard deviation of +1-7%, i.e. an 
accuracy of +3-4% at the 95% confidence 
level. This accuracy could probably be 
improved to +2°%, if necessary. 


3. APPLICATIONS 


The method has been used first in as 
representative a selection of coal-mining 
situations as could be simulated in the 
available experimental * Fig. 7 
shows the development of mixing with 
distance from the source in a straight, 
smooth, rectangular airway. The sampling 
tubes were arranged in a regular 5 x 5 
grid from which concentration contours 
were derived by interpolation. Concentra- 
tion patterns were also obtained with the 
tracer source at a side and a corner of the 
transverse section of the airway, with a 
lining of timber arches in the airway, with 
a central row of supports, and with a large 
obstruction similar to the ripping lip where 
a return airway leaves a coal face. Similar 
measurements have been made in an arched 


* Safety in Mines Research Establishment, 34th 
Annual Report (1955) 44. 


roadway 2:4m high, including the case 
where the ventilation current turns a right- 
angle from a side gallery into the roadway. 
An artificial coal-face was also set up in 
this roadway to study the distribution of 
dust to be expected from coal-getting 
machinery. 

In straight, unobstructed galleries the 
mixing was found to be slow, requiring 
distances of up to 50 gallery diameters or 
more to attain uniform mixing of the tracer- 
gas emitted from a centrally-situated point 
source. Here the mixing is due mainly to 
turbulent diffusion. The theory of turbulent 
flow in rough pipes suggests that the distance 
for complete mixing is inversely proportional 
to the square-root of the gallery air-flow 
resistance coefficient and independent of 
the ventilation speed, provided that full 
turbulence is maintained. With major 
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Fic. 7. Development of mixing with distance along smooth concrete airway 
(estimated distance for complete mixing 150 ft, 45 m). 


obstructions or bends in the gallery, however, 
the concentration was found to become 
uniform within 5 to 10 gallery diameters. 
The secondary air-flows set up in irregular 
situations had a more powerful mixing effect 
than the wall-generated turbulence of the 
boundary flow that obtains in straight, 
unobstructed galleries. 

Fig. 8 shows concentration profiles in a 
circular steel gallery, 1-22 m in diameter, 
normally used for coal-dust explosion experi- 
ments. The sampling tubes were disposed 
in the same pattern as the array of Fig. 9. 
Three profiles were obtained at each sampl- 
ing position, and the small differences 
between them were caused by asymmetries 
in the air-flow in the gallery. The Gaussian- 
type profiles at 10-4m from the source 
agreed well with that predicted by pipe-flow 
theory from the air-flow resistance measure- 
ments in the gallery, and did not vary 


significantly over an airspeed range of 2 
to 6m/sec (400 to 1200ft/min). The 
profiles of 20-4 and 31-8m were of the 
correct form, but should not have been 
attained, according to the theory, until a 
greater distance from the source. This is 
attributed to the inadequate entry length 
available for the development of turbulent 
pipe flow undisturbed by conditions at the 
inlet. The gallery was not long enough for 
complete mixing to be attained. 

To get controlled aerodynamic conditions, 
a circular pipe 20 cm in diameter and 30 m 
long is being set up. Its sampling-tube array 
is shown in Fig. 9. Concentration distri- 
butions will be measured with various wall 
roughnesses and airspeeds and compared 
with the distributions predicted by pipe- 
flow theory. Model mine galleries one- 
tenth of full scale will be used over an 
appropriate range of Reynolds numbers to 
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Fic. 9, Sampling-tube array for 20 cm pipe. 
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Fic. 8. Typical tracer-gas concentration profiles in a 
circular gallery. 
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extend the study of mixing under mine 
conditions, 1°) 

Apparatus has also been developed for 
releasing pulses of methyl bromide and 
obtaining a continuous record, by /-Geiger 
counter, of their dispersion as they travel 
along a gallery or pipe. In this way the 
work of Taytor@” and Hurt and Kent?) 
on longitudinal mixing will be extended to 
mining problems. Curzon and 
have already used an electrically-detected 
chemical tracer for one such investigation. 
Longitudinal mixing affects the sampling of 
airborne dust from spasmodic sources, such 
as shotfiring, and the sweeping out of 
accumulations of explosive and toxic gases 
when sealed workings are being reopened. 

It is proposed to use a tracer method to 
study mixing phenomena with methane, 
where density effects may be significant 
because larger volumes of gas _ are 
involved. 


4. CONCLUSIONS 


Although radioisotopes have been used 
widely in a qualitative fashion as tracers in 
liquid and gaseous systems, it is clear that 
accurate quantitative techniques can also 
be developed. They are proving to be a 
powerful means for systematic and detailed 


investigation of the mixing phenomena in 
mine ventilation and for more fundamental 
studies of turbulent diffusion. 


This paper is published by permission of 
the Ministry of Power. 
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An ion blower transporting ionized air from the vicinity of a shielded radioactive source 
towards electrostatically charged areas has been constructed and investigated with respect to 
air ionizing efficiency at varying distances, air velocities, and source strengths. 

Some results are given which indicate that the ion blower can be used efficiently for pro- 
ducing ionization currents up to 0-1 ~A with no accompanying radiation from /-emitting 
sources of about 50 mc. When stronger sources are used, recombination limits the efficiency 

Le of the ion blower, making the ionization almost independent of source strength. 


UN SOUFFLEUR D’IONS POUR L’ELIMINATION DE L’ELECTRICITE STATIQUE 


On construit un souffleur d’ions amenant l’air ionisé depuis !e voisinage d’une source radio- 
active protégée vers des surfaces chargées électrostatiquement; on |’étudie suivant le rende- 
ment d’ionisation de |’air a différentes distances, suivant la vitesse de l’air et suivant la puis- 
sance de la source. 

Quelques résultats sont donnés, indiquant que le souffleur d’ions peur étre utilisé avec 
succés pour produire des courants d’ionisation allant jusqu’a 0,1 wA, sans accompagnement 
de radiations, a partir d’émetteurs # d’environ 50 mc. Lorsqu’on utilise des sources plus 
intenses, la recombinaison limite l’efficacité du souffleur d’ions, rendant ionisation quasi 
indépendante de la puissance de la source. 


Ha o*PeKTUBHOCTh BO3AyxXa PacCCTOHHMAX CKOPOCTAX BOB- 

HOCTb JHMUTUpyeTcA pekOMOnHaMell, MOUTH 
OT MOUIHOCTH MCTOUHMKA. 


EIN “IONENGEBLASE” ZUR ABFUHRUNG VON 
ELEKTROSTATISCHEN AUFLADUNGEN 


Es wurde ein “‘Ionengeblase’’ konstuiert, welches den Transport von ionisierter Luft aus 
der unmittelbaren Umgebung einer abgeschirmten Strahlenquelle zur elektrostatisch 
aufgeladenen Flache bewerkstelligt. Seine Wirksamkeit in Bezug auf Ionisierung der Luft 
in verschiedenen Abstanden von der Quelle, bei verschiedenen Strémungsgeschwindigkeiten 
und bei verschiedenen Praparatstarken wurde untersucht. 

Aus den angegebenen Resultaten asst sich entnehmen, dass bei Verwendung einer Strahlen- 
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quelle von etwa 50 mC, ohne Strahlungsgefahrdung, mit Hilfe eines Ionengeblases Ionisations- 


strome bis zu 0,1 wA erzielt werden kénnen. 


Bei grésseren Praparatsktarken erfahrt die 


Wirksamkeit des Ionengeblases eine Begrenzung durch Rekombination, die Ionisierung ist 
dann praktisch unabhangig von der Starke der Quelle. 


INTRODUCTION 


THE use of radioactive isotopes to overcome 
dangers arising from static electricity in 
industrial operations is now a well established 
technique. The main disadvantage of the 
radioactive eliminators is the radiation 
hazard involved when strong sources are 
used. Furthermore, in many applications 
even a very small dose rate is prohibitive, 
e.g. in the photographic industry. A solution 
to this problem may be offered by an “‘ion 
blower,” which transports ionized air from 
the vicinity of a shielded radioactive source 


towards the electrostatic charges. The 
efficiency of this device is dependent on the 
strength of the radioactive source, the air 
speed, and the distance between blower 
and point of discharge. The present investi- 
gation deals with the performance and 
limitations of an ion blower designed in 
1953 for use in a _ technical case as 
compared to the behaviour of con- 
ventional radioactive eliminators. Accounts 
of similar designs have been published 
recently.(1,2,3) 


EXPERIMENTAL DETAILS 


The source is mounted parallel to the 
axis of a cylinder of 17 cm diameter. The 
front end of this cylinder terminates in a 
nozzle which opens into a square mouth 30 
cm < 10cm. At the rear end of the cylinder 


Voltmeter 


Nozzle 


between the plates was measured by means 
of a galvanometer with a sensitivity of 
5. 10-1 A/div. 

The following sources were used: 

(1) Krypton-85 (60 mc). 


Fan 


Motor 


lon source 


Galvanometer 


Fic. 1. Schematic diagram of ion blower and measuring system. 


the fan and motor are mounted. The unit 
is shown in Fig. 1. 

The ionization supplied by the ion blower 
can be measured by means of a pair of brass 
plates. These plates function as collection 
electrodes when a voltage is applied across 
the plates. The plates were square 30 cm x 
30 cm and 10 cm apart. The current 


(2) Thallium-204 (30 mc). 
(3) Tesla coil simulating a very strong 
radioactive source. 
(4) D.c.ion source producing unipolarions. 
The Tesla coil and the 5000-V d.c. supply 
were connected to a 0-05-mm-thick wire 
suspended in the same position as the radio- 
active sources. 


MEASUREMENTS 


The air velocity from the blower as a 
function of distance was measured along the 
axis of the blower by means of a rotating 
anemometer. Results are given in Fig. 2. 

The current between the plates was 
measured as a function of the voltage across 


the plates at two different distances for 
highest possible blower speed. Data are pre- 
sented in Fig. 3. It is seen that saturation of 
the current sets in at about 1500 V. All the 
following measurements were made at 2000 V 
between the plates. 
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Fic. 2. Air velocity from blower. 


The current was measured for the four 
different sources at various points along the 
blower axis, in each case for two different 
blower speeds. The same measurements 
were also made with a 1-mm-thick lead coat- 
ing on the inside of the cylinder in order to 
increase (-back-scattering in the case of 
krypton-85. Finally, a recording of the 
current versus air velocity at a distance of 
40 cm from the blower was made. The 
appropriate results are set out in Figs. 4 
and 5. 

The relative strengths of the different 
sources were measured with the sources 
placed between the collecting plates at a 
voltage of 2000 V. 

(1) Krypton-85, 430 div. (1 div. 

A). 
(2) Thallium-204, 62 div. 
(3) Tesla coil and wire, 3600 div. 
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Fic. 3. Current vs. plate voltage. 
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Fic. 4(a). Current vs. distance. 
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Fic. 4(b). Current vs. distance. 
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(The high current given by Kr®* compared 
to T]*°4 is explained by different mounting of 
the sources, utilizing a higher percentage of 
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the #-particles for ionization from the krypton 
source. ) 


RESULTS 


As is clearly shown in Fig. 4(a) and (b), 
the current decreases with increasing dis- 
tance from the blower in all cases as expected. 
Furthermore, the higher air velocity gives a 
higher current in all points. In the case of 
the d.c. ion source, this is explained by the 
spreading of the air stream and its decreasing 
velocity. The current and thus the ion den- 
sity approaches a constant level at about 
200 cm from the source. 

The curves for the radioactive sources and 
the Tesla coil show a steeper decrease which 
is due to the recombination of ions. It is 
noticed that the currents measured from 
these sources only to a rather small extent 
vary with source strength. Only the curve 
for thallium-204 at the higher air velocity 
differs appreciably from other curves. (It 
should be observed that the accuracy of the 
measurements is poor below currents of 10 
scale divisions and that the points referring 
to the Tesla coil show a considerable spread- 
ing due to difficulties of making it work 
reproducibly. ) 

The curves indicate that the ion density is 
limited by recombination and that very little 
remains to be gained by increasing the 
p-radiation source strength over some 100 mc. 
This is more clearly shown if the sources used 
are compared with respect to ionizing 
efficiency at some distance from the blower, 
in relation to the ionization produced with 


the sources placed within the collecting 
field. 

At a distance of 1-0 m from the blower 
and with the highest air speed used at this 
point 1-7 m/s, the current from the different 
sources, given in per cent of the currents 
measured with the sources between the 
plates, is 

Thallium-204 
Krypton-85 7 per cent 
Tesla coil 1 per cent 

The effective percentage some seconds 
after ion formation is lowest for the strongest 
ionizer, and vice versa. 

The use of a lead coating inside the 
cylinder increases the current from the ion 
blower, but only to a small extent. 


(30 mc) 17 per cent 


(60 mc) 


Current —» scale divisions 


2 3 
m/s 


1 
Air velocity —~- 


Fic. 5. Current vs. air velocity. 


THEORETICAL CONSIDERATIONS 


The recombination is described by‘* 
+ anot (1) 
where n is the ion density at time ¢, the ion 
density at ¢ = 0 (when the ionizing agent is 
removed) being ny. « is the recombination 
coefficient. For air it has the value 1-71 x 10-6 
cm?/s. Equation (1) can be re-written 


(2) 


where d is the distance from the blower and 
v is the air velocity. The first term in the 
denominator is given by the source strength, 
the second by the air velocity and the dis- 
tance. In a typical case, 1/n, is 0-4 x 10-8, 
ng being the calculated equilibrium ion den- 
sity at a distance of 1 cm from a 30 mc T1?4 
point source, while « x d/v is 1-0 « 10-6 in 
the case of d = 1-0 and v = 1-7 m/s (Fig. 2). 
Thus it is seen that at reasonable air speeds 
and distances the last term dominates in 
the denominater, making the available ion 
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density almost independent of the source 
strength when this assumes large values. 
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These considerations indicate an agreement 
with the experimental results. 


CONCLUSIONS 


The ion blower can be efficiently used for 
supplying elimination currents up to 0-luwA 
from f-emitting sources (<100 mc) with no 
radiation hazards. It has, furthermore, the 
advantage of increasing the area covered by 
the radioactive source. It does not, however, 
offer a means of efficiently using even stronger 
radioactive sources (e.g. curie quantities) 
safely for static elimination because of the 


limiting action of recombination. An ion 
blower producing ions of one _ polarity 
would naturally not be limited in its perfor- 
mance by recombination. It can be con- 
structed by either using a_ radioactive 
source’) or a d.c. corona discharge. For 
industrial purposes, however, it has the dis- 
advantage of only being able to eliminate 
charges of one sign. 
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New Techniques for Investigating the 
Process of Drying 


A. SHUBIN 
Technological Food Institute, Moscow, U.S.S.R. 


An attempt has been made to use radioactive tracers for a study of the drying-process 
mechanism. Two methods have been suggested for experimental investigation of the phase 
transition of moisture in the process of drying—a stationary and a non-stationary method. 

The influence of various parameters on the value of the phase-transition criterion was 
established experimentally by means of the two methods. An equation has been deduced 
allowing to compute the intensity of internal evaporation in any layer of the material. 


NOUVELLES TECHNIQUES D’ INVESTIGATION DU PROCESSUS DE SECHAGE 


Ce travail décrit un essai d’utilisation de traceurs radioactifs pour ]’étude du mécanisme du 
processus de séchage. On suggére deux méthodes de recherche expérimentale du change- 
ment de phase de |’humidité au cours du processus de séchage: une méthode stationnaire et 
une méthode non-stationnaire. 

A V’aide des deux méthodes, on établit expérimentalement l’influence de divers paramétres 
sur la valeur du critére de changement de phase. On en dédut une équation permettant de 
calculer l’intensité d’évaporation interne d’une couche quelconque du matériau. 


HOBAA METOAMRA TPOMECCA 


C TaHHbIX MeTOOB OMBITHBIM ILyTeM ObLIO YCTAHOB.TeHO BIAHMe 
mapaMeTp,OB Ha KpuTepuA PasoBoro B 
(popMy.la 10 KOTOPO!t MOAKHO BHYTPeHHero B 
MaTepiada. 


NEUE METHODEN ZUR UNTERSUCHUNG DES TROCKNUNGSVORGANGES 


Es wurde versucht den Mechanismus des Trocknungsvorganges mit Hilfe von Radio- 
indikatoren zu ermitteln. Zwei Methoden—eine “‘stationare’’ und eine “‘nicht-stationare’’ 
Methode—waren zur experimentellen Erforschung des Phaseniiberganges der Feuchtigkeit 
beim Trocknungsprozess vorgeschlagen worden. 

Der Einfluss verschiedener Parameter auf die Grésse der charakteristischen Werte des 
Phaseniiberganges wurde an Hand dieser beiden Methoden experimentell festgestellt. Es 
konnte eine Formel abgeleitet werden, mit deren Hilfe die Intensitat der interenen Ver- 
dampfung in jeder Schichte des Materials berechnet werden kann. 
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To intensify the process of drying without 
affecting technological properties of the 
material, conditions, and methods of drying 
must be chosen in accordance with the laws 
of internal heat and mass exchange, allow- 
ance being made for the type of linkage 
between the moisture and the material. 
The moisture migrating through the material 
in the process of drying undergoes a phase 
transition (evaporation or condensation), 
greatly influencing the mechanism of sub- 
stance transfer and subsequently of heat 
transfer. 

A correct evaluation of the influence of 
various factors on the mechanism of sub- 
stance transfer must be based on vapour 
content in the total flow of moisture or on 
the phase-transition criterion characterizing 
the relative intensity of internal evaporation. 

The phase-transition criterion permits 
quantitative evaluation of the internal heat 
sources and therefore it is included in the 
system of differential equations of heat and 
mass exchange, in their solutions and 
boundary conditions, and characterizes the 
mechanism of substance transfer and the 
intensity of drying. 

It also allows many computations to be 
made that might be of use in practice, for 
instance to compute the amount of water- 
soluble substances brought to the surface 
of the material under given conditions of 
drying. 

In drying certain building materials, 
as well as vegetables, fruit, and other food 
products, large amounts of water-soluble 
substances must be retained inside the 
material. In other cases, however, this 
effect is undesirable (for instance in starch 
production). 

When drying varnish and paint coatings, 
the moisture should be transferred as a 
liquid, since evaporation inside the paint- 
film results in micropunctures lowering 
the coating quality. 

Thus, when the choice of optimal drying 
conditions depends on these factors, the 
phase-transition criterion might greatly facili- 
tate the design and operation of drying 
plants. 

Many authors’®*4) have investigated the 


mechanism of heat and substance transfer 
and the phase transition of moisture in 
the process of drying. But their conclusions 
are of a hypothetical nature, as sufficiently 
reliable experimental data on the location 
of the phase transition zone and on the 
intensity of internal evaporation could not 
be obtained with existing methods. For the 
same reason, the phase-transition criterion 
could not be determined experimentally 
and had to be found indirectly by analysis 
of the temperature distribution in the 
material. 

Therefore it was necessary to look for 
new means and methods of investigation 
of the heat and substance transfer in the 
process of drying. 

The present study is an attempt to use 
radioactive tracers for investigation of the 
heat and substance transfer in the con- 
vective drying of capillary porous bodies. 
A new technique using radioactive tracers 
for investigation of moisture-phase transition 
in the process of drying and a direct method 
for determining the phase-transition 
criterion had to be developed accordingly. 

The phase-transition criterion, which may 
be used as a local or integral characteristic 
of the process and the material, will be 


(1) 


where du is an infinitesimal change in the 
local moisture content and du,, is the change 
in the local moisture content due to phase 
transition. 

The integral phase transition criterion is 


(2) 


where m, is the weight of moisture evapo- 
rated in time unit per unit geometrical 
surface of the body (external intensity) 
kg/m? per hour, 
my is the intensity of internal evapora- 
tion, kg/m? per hour, 
m =m, +m, is the total intensity of 
evaporation, kg/m? per hour. 
Absence of direct methods for measuring 
the intensity of internal evaporation is the 


du 
|_| 
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chief difficulty in determining the phase- 
transition criterion. Such measurements 
were made possible only by the use of 
radioactive tracers. 

Two methods were developed for experi- 
mental investigation of the laws of moisture- 
phase transition in the process of drying—a 
stationary and a nonstationary method. 
In both cases the phase-transition criterion 
could be readily determined from a single 
experiment. 

The material was moistened with a 
carrier-saturated solution of a radioactive 
salt, up to a definite initial moisture content 
depending on the conditions of experiment. 
In the process of drying, the radioactive 
salt was carried away with the liquid and 
its movement could be traced. In case of 
internal evaporation of the moisture, the 
radioactive salt was precipitated and mig- 
rated no more. The change in activity of 
various sections of the material showed the 
amount of moisture transferred in the 
liquid and in the vapour phase. 

The experimental apparatus suitable for 
both methods has all the necessary elements 
for convective drying of various loose 
materials and simultaneous measurement 
of the activity and temperature of separate 
specimen layers. A_ special adjustment 
permits raising the temperature of the 
heated air up to 300°C and the velocity 
up to 4 m/sec. The apparatus is adapted 
for investigation of the drying process 
in a plate of arbitrary size (one-dimensional 
problem). 

The experimental procedure was as follows: 
a calibrated vertical glass tube was filled 
with sand (Fig. 1). The top end of the 
tube was subjected to a stream of hot air. 
Thermocoupies were inserted through the 
side surface of the apparatus with hot 
junctions along the axis of the specimen. 
The sand activity was measured by a 
Geiger-Miiller counter with the aid of a 
scaler. The lead shielding around the 
counter has a special longitudinal slit. 
The width of the slit could be varied. 
The activity of various sections of the 
specimen was determined by moving the 
apparatus with respect to the slit. 
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Fic: 1. General diagram of the apparatus. 
1—Channel for drying agent. 2—Material dried. 
3—Thermocouples. 4—Glass gauze. 5—Saturated 
solution of radioactive salt. 6—Lead shielding. 

7—Counter. 


Special equations were deduced for the 
theoretical treatment of experimental data. 
We shall consider the use of these equations 
in an ideal case when the temperature of 
the body is constant and equals the satu- 
ration temperature of the radioactive solu- 
tion. No allowance will be made for 
radiations from adjacent sections and for 
the influence of the slit-width. 

In the stationary method the specimen 
was continuously moistened from below 
by a saturated solution of a radioactive 
salt. The moisture was delivered from a 
special vessel through a glass gauze. After 
a certain very short initial period, stationary 
temperature and moisture distributions were 
established in the specimen, as the moisture 
removed by drying was continuously re- 
supplied. 

In the course of drying, evaporation took 
place both inside the material and at its 
surface. When a certain amount of moisture 
had evaporated, there was a deposit of 
radiosalt at the corresponding point. This 
deposit could not dissolve again (in case 
it was inside the material), as the solution 
passing by it was saturated. 

The amount of salt deposited both inside 
the material and at its surface is determined 
by the activity increase measured at definite 
time-intervals. Thus, intensity of evapo- 
ration at any point of the material and at 
its surface can be found from the change in 
activity per unit time. 
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The total activity increases as a result 
of the evaporation of solution inside the 
material. The salt can be carried to the 
surface of the specimen only by the liquid. 
Therefore the following equations become 
true: 


AAy = km, (3) 
AAg = km, (4) 


where AA,, is the change in total activity 
of the material, 

AAg is the change in activity at the 
surface of the material, 

m, and m, are quantities of moisture 
coming to the surface in vapour 
and liquid phase within a certain 
time-interval. 

The value of coefficient k (measured in 
counts/min g) remains the same for m, and 
my. Therefore we may write 


AAy + AAg = k(m, +m) = km. (5) 


Substituting expressions (3) and (5) in (2), 
we have 


+ AAy 6) 


Unlike the stationary method, in which 
local activity changes characterize the inten- 
sity of internal evaporation, in the non- 
stationary method these changes show the 
intensity of internal evaporation as well as 
the change in moisture content due to 
migration of the liquid. 

The non-stationary method allows to 
study the phase transition at different 
moisture contents, as there is no additional 
moistening of the material. 

In the non-stationary method the sand 
must be first moistened with a saturated 
radioactive solution to different initial mass 
contents, and then dried. 

Knowing the weight of the moisture G 
used and the total activity A of the specimen, 
we may write 


A=KkG. (7) 


The liquid leaving the internal layers 
of the specimen in the process of drying 
carries away the radioactive salt, resulting 
in a decrease in activity of these layers. 
On the other hand, the surface activity 
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increases. But the total activity of the 
specimen A does not change (the activity 
decrease being due only to radioactive 
decay). Hence 

AAy = (8) 


The expression for the intensity of drying 
may be written as follows: 


AG 
m= TAT (9) 


where AG is the decrease in weight of the 
specimen in the course of experi- 

ment, 
AT is the duration of the experiment, 
S is the area of surface evaporation. 
Assuming the values of S and AT equal 
to area and time units respectively, we have 


m= AG, (10) 


From equations (7), (8), and (10) we 
get the expression for the intensity of 
internal evaporation: 


mM, = m— m, = AG — AA y. 


(11) 
The integral phase-transition criterion is 
(12) 


For actual experimental conditions these 
equations have to be modified by intro- 
ducing a number of correction factors. 

Special study was made of such factors 
as adsorption of the radioactive salt, thermal 
diffusion, width of the slit in the lead- 
shielding, radiation from adjacent layers, 
changes in solubility of the radioactive 
salt due to changes in the surrounding 
media, and the value of the crystallization 
coefficient (KHLOPIN’s constant), with a 
view to establish their influence on the 
accuracy of experiments. 

The following correction factors were 
deduced. 

(1) Coefficient f,, called tentatively the 
background coefficient. It was first calcu- 
lated and then determined experimentally 
and found to be 0-42 for given geometrical 
conditions. (2) The temperature coefficient 
k, shows the part of the total moisture 
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content that had to evaporate for the solution 
to become resaturated in the high-tempera- 
ture zone of the material, into which it 
penetrates in the course of migration. 

The temperature coefficient may have 
a local (k,;) and an integral (k,) value, 
and can easily be calculated by means of 
equations of the tvpe 


0-8 (ts t,) 
‘= 97-8 + 


where fg is the surface temperature of the 
specimen in °C and ¢, is the temperature 
at which the initial saturated solution was 
prepared. (3) The slit coefficient k,, 1s 
necessary for calculating the total relative 
activity of the specimen. It shows the 
influence of the slit-width. 

With these correction factors taken into 
account, equations (6) and (12) become: 

For the stationary method 


E, = 


k (13) 


(AAg) — 0:5 . AAyy) (1 — 
(1 —k,) AA + (AAg — 0-5k, 
(kak, + 1 — ky) 
(14) 
where Ag is the surface activity of the 
specimen, counts/min, 

Aj, is the total activity of the speci- 
men (not counting the surface), 
counts/min, 

Ay,; is the activity of the first layer 
of material (near the surface), 


counts/min. 
For the non-stationary method 
GAA,,(1 — k,) (15) 


AAG 


where G is the weight of moisture used to 
moisten the specimen, kg, and 

A is the initial activity of the specimen 

(including the surface), counts/min. 

It follows from equation (14) that the 

stationary method permits to neglect to a 

certain extent the influence of adsorption 

and the chemical reactions between the 

radioactive salt and the substance of the 

material, as the expression includes only 

differences of activities. 


The local phase criterion can be obtained 
by means of two parallel experiments (one 
using the stationary and the other a non- 
stationary method) carried out under similar 
experimental conditions. 

Analysis of the results reveals the require- 
ments that are to be set for the radioactive 
salt and for the nature of radiation of the 
radioactive element. In actual drying pro- 
cesses the temperature throughout the speci- 
men is not uniform and therefore the solu- 
bility of the radioactive preparation should 
be as nearly independent of temperature 
as possible. A gamma-active element should 
be used if the thickness of the material 
amounts to several millimetres. It is also 
desirable to ensure minimal adsorption of 
the salt, which should not react with the 
material. Jodine-131 (as or KI* 
salts) with potassium iodide as carrier 
meets these demands satisfactorily. 

The described technique was also used 
for investigating the influence of the drying- 
agent temperature, the moisture content 
and the pore size of a capillary porous 
system on the heat and moisture transfer 
and on the intensity of internal evaporation. 
Figs. 2 and 3 show the results of two experi- 
ments carried out by the stationary method. 
As the specimen kept continuously absorbing 
new portions of moisture, the distribution of 
specific mass content and temperature re- 
mained unaltered. Thus, each straight 
line on the figures corresponds to a change 
of moisture content as a result of phase 
transition, while the slope of the line char- 
acterizes the intensity of internal evapo- 
ration in the corresponding layer. 

At the temperature of the drying agent 
, = 80°C, there is no internal evaporation 
in any of the layers beyond the second 
centimetre from the surface. This is evident 
from the fact that the activity of the under- 
lying layers remains constant. Att, = 200°C, 
as can be seen from Fig. 3, the moisture 
undergoes phase transition throughout the 
entire mass of the material, the intensity 
of transition in the first layer being com- 
parable with the intensity of evaporation 
at the outer surface. 

Let us now examine an experiment using 
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2cem from the surface 


| 


3em from the surface 


T 
4cm from the surface 


| 


t 


Fic. 2. Stationary method. Change in activity of 

separate layers of the specimen. ‘Temperature of 

drying agent 80°C, initial moisture content 16 
per cent. 


the non-stationary method (Fig. 4). If 
the change in the specific mass content is 
due to migration of liquid from the volume 
in question, the activity of the layer de- 
creases. If the liquid penetrating into the 
volume from underlying layers evaporates 
in this volume, there is an increase in 
activity. Thus each curve is a result of 
superposition of the two processes. 

From Fig. 4 we see that after the lapse 
of an hour since the beginning of the 
experiment the surface activity increases 
no more; at the same time the activity of 
the layer 1 centimetre below the surface 
begins to increase. Therefore the evapo- 
ration surface for a 4 per cent moisture 
(in the case of drying quartz sand) does 


1SO 


| 
T 

3 


Ar 


Fic. 3. Stationary method. Change in activity of 

separate layers of the specimen. Temperature of 

drying agent 200°C. Initial moisture content 
16 per cent. 


not coincide with the outer surface of the 
material. 

The results of parallel determination 
of the phase-transition criterion by means 
of the two substantially different methods 
(the stationary and the non-stationary one) 
are in very good agreement, which 
proves the correctness and efficiency of 
both. 

Analysis of experimental curves obtained 
by the stationary and the non-stationary 
methods gives a complete picture of the 
migration of liquid and vapour inside the 
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material in the process of drying. The a criterial equation allowing computation 
treatment of experimental data by applying of the intensity of internal evaporation of 
similarity relations led to the deduction of moisture in any layer of the material. 


c 
4cm from the surfa 
60 Surface 80 
70 
Scm from the surface 
| 
2cm from the surface 6cm from the surface 
8 + t 80 Ane | 
T G 
20 Be 
3cm from the surface 
70 11-84 Ams mss 
60 | | 
O12 3 456 7 O47 234535 6 7 2 
t hr t hr 
Fic. 4. Non-stationary method. Change in activity of separate layers of the specimen. 
Temperature of drying agent 80°C. Initial moisture content 4 per cent. 
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Radiometric Titration of Rare Elements 


DETERMINATION OF BERYLLIUM, ZIRCONIUM 
AND THALLIUM 


I. P. ALIMARIN, I. M. GIBALO, and I. A. SIROTINA 


Moscow State University, V. I. Vernadsky Institute of Geochemistry and 
Analytical Chemistry of the Academy of Sciences of the U.S.S.R. 


(Received 15 March 1957) 


The paper contains experimental data on the volumetric determination of beryllium, 
zirconium, and thallium by a radiometric titration method. 

In titration of beryllium and zirconium, diammonium phosphate and phosphoric acid were 
used as the reagent. Titration of thallium was carried out with potassium iodide, potassium 
chromate, phosphotungstic acid and sodium tetraphenylboron. 

New volumetric techniques were developed for determining beryllium, zirconium, and 
thallium in industrially important products. The composition of precipitates formed was 
studied. 

It was shown that it is possible to determine the equivalence point by calculation from two 
known points of the radiometric titration curve. 


DOSAGE RADIOMETRIQUE DES ELEMENTS RARES DETERMINATION 
DU BERYLLIUM, DU ZIRCONIUM ET DU THALLIUM 


Ce mémoire présente des données expérimentales sur la détermination volumétrique du 
béryllium, du zirconium et du thallium par une méthode de dosage radiométrique. 

Pour le dosage du béryllium et du zirconium, les réactifs utilisés sont le phosphate de 
diammonium et l’acide phosphorique. Le dosage du thallium est effectué avec l’iodure de 
potassium, le chromate de potassium, l’acide phosphotungstique et le tétraphény! borylsodium. 

De nouvelles techniques volumétriques ont été mises au point pour la détermination du 
béryllium, du zirconium et du thallium dans des produits d’importance industrielle. On 
étudie la composition des précipités formés. 

On montre la possibilité de déterminer par le calcul le point d’équivalence a partir de deux 
points connus de la courbe de dosage radiométrique. 


PAJ MOMETPHYUECKOE TUTPOBAHUE PEJRUX 3JIEMEHTOB 


B cratTbe JaHHble PadoT MO OObeMHOMY 
WMPKOHMA B KavecTBe peaKTMBa MPMMeHALIM (ocaT aMMOHNA 
dochopuyto KucuoTy. HOAMAOM KasA, XpomMaToM, 
MOBO KUCIOTON 

Paspa6oTaHb HOBLIe OOBeEMHbIC ONpefeeHHA B 
TEXHUYECKH BayKHEIX OObeKTAX. cocTaB OCAAKOB. 

JloKka3aHa BO3MOKHOCTh MOMCHTA 
nyTeM 0 TOUKAM THTpOBaHHA. 
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GENERAL REMARKS 


A NEw radiometric technique for volumetric 
analysis has come into use in_ recent 
along with such physico- 
chemical techniques as conductometry, 
potentiometry, and amperometric titration. 

This technique can be used primarily in 
such cases where a very slightly soluble 
compound with constant composition can 
be obtained and where a suitable radio- 
active tracer can be selected for determining 
the equivalence point. 

In many cases the substance can be 
extracted from the solution with organic 
solvents. This technique, together with 
precipitation and complex formation, can 
considerably increase the field of use of 
radiometric titrations.” 

Titration is carried out as follows: 

A solution of the reagent is added by 
drops while stirring to a beaker containing 
the initial solution (Fig. 1). One or both of 


Fic. 1. Apparatus for radiometric titration. 
1—to atmosphere; 2—to vacuum line. 


the reactants must be radioactive. A 
slightly soluble precipitate is formed. After 
a certain amount of the reagent has been 
added, the solution is drawn up into the 
jacket of counter A through a filtering tube 
and the activity is measured. The result of 
the measurement is multiplied by the factor 


solution and V is the volume of reagent added. 
The solution is then returned to the beaker. 
Titration is being continued and the solution 
activity measured from time to time. 

After the equivalence point is reached, a 
small excess of the reagent will lead to a 
sharp rise in the solution activity, which will 
be registered by the counter. 

A titration curve is plotted, using the 
obtained activity data. The equivalence 
point is found either graphically, from the 
point of intersection of straight lines, or is 
calculated from two known points. 

This technique should find wide use in 
laboratory practice on account of the great 
variety of precipitation reactions, the possibi- 
lity of determining the equivalence point 
from two known points, and the simple 
apparatus required. 

silicon-organic compound, methyl- 
chlorosilane, should be recommended as 
hydrophobing agent to prevent the adsorp- 
tion of radioactive materials on glass surfaces 
during radiometric titration.'*) A 1 per cent 
solution of methyl-chlorosilane in carbon 
tetrachloride was used in the experiments. 
The surface to be hydrophobed should be 
cleaned and thoroughly degreased. Therefore 
all the beakers, flasks, burettes, pipettes, etc., 
were meticulously cleaned with a sodium 
dichromate solution, then washed with water, 
acetone, and benzene. The cleaned and 
dried glassware was then rinsed with | per 
cent solution of methy]-chlorosilane in carbon 
tetrachloride and dried at 120 to 140°C for 
1} to 2 hours. After such treatment the 
glass is not wetted by water and almost 
completely ceases to adsorb radioactive 
substances. 

The aim of this investigation was to 
determine beryllium and zirconium with a 
phosphate, and _ thallium with iodide, 
chromate, phosphotungstic acid, and sodium 
tetraphenylboron in important industrial 
materials, using the radiometric titration 
method. 

Many very slightly soluble phosphates are 
known, but only few of them are used in 


V, is the initial volume of the 
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analytical chemistry on account of their 
varying compositions, poor filtering pro- 
perties of the precipitates, and poor selecti- 
vity of the reagent. 

The use of phosphates for radiometric 
titration has already been described in 


DETERMINATION 


Most volumetric methods for quantitative 
estimation of beryllium are based on the 
hydrolytic decomposition ofits salts, (19,11,12,18) 
Potentiometric and amperometric techniques 
have also been suggested.(14;15) These are 
based on the ability of beryllium to form 
complex fluorides. 

A disadvantage of the volumetric methods | 
is that they can be applied only to pure 
beryllium salt solutions. There are no 
volumetric methods for determining beryllium 
in the presence of other elements (Fe, Al). 
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literature. LANGER":?3) used this method 
for determination of magnesium in an 
ammonium hydroxide medium and MOELLER 
and ScHWEITZER'®) estimated thorium in 
the presence of yttrium and the rare earth 
elements in acid medium. 


OF BERYLLIUM 


buffer acetate solutions at pH values from 5 
to 3:5. 

Titration of solutions of equal molar 
concentration (0-1M, 0-05 0-01 M) 
showed that both in direct and_ back 
titration 3 volumes of beryllium sulphate 
solution take two volumes of diammonium 
phosphate of the same molar concentration. 
It leads to the conclusion that beryllium- 
orthophosphate and not berylliumammo- 
nium phosphate is formed in titration, 
according to reaction 


Tase 1. Composition of precipitates formed by Bet? and PO,~° ions in the process of radiometric titration 
| 


Theoretical 


Be weight Be;(PO,)> 


BeO (mg) P,O; (mg) 


amount of 
Be;(PO,). 
(mg) 


found 
(mg) 


in sample 
(mg) 


Theoretical 
amount 


Theoretical 
amount 


Found Found 


49-51 
59-48 
70-67 


6-2 
7-6 
8-9 


49-72 
60-94 
71-37 


17-20 
21-08 
24-69 


39-86 
46-68 


17-27 
24-36 


It has already been stated that hydrolysis 
prevents the achievment of constant com- 
position of the compound when beryllium 
phosphate is precipitated.“® GoryNnsHINA”” 
and and his co-workers"®) determined 
beryllium in alloys and in minerals in the 
form of beryllium ammonium phosphate 
(BeNH,PO,), using the masking effect of 
trylon B, and attained satisfactory results. 

We made a detailed study of conditions 
necessary for quantitative precipitation of 
beryllium by phosphate and also of the 
composition of compounds formed by the 
Be*? and PO,- ions. The large amount of 
data obtained allowed us to establish that 
beryllium is precipitated quantitatively from 


3BeSO, + 2(NH,),HPO, 
— Be,(PO,), + 2(NH,).SO, + H,SO,. 


The precipitate formed in the phosphate 
titration of beryllium was analysed for BeO 
and P,O; contents. The results are listed in 
Table 1. 

It can be seen that in acetic acid medium 
in the presence of ammonium acetate at pH 
values from 5 to 5-5 the product formed will 
be beryllium orthophosphate (Be,(PO,),). 

Up to the present beryllium orthophos- 
phate has not been used for analytical pur- 
poses, but a number of authors have obtained 
this compound and studied its properties.% 
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The beryllium determination was carried 
out as follows. 10 ml of the acetate buffer 
(pH 4-99-5-57) and 2-6 ml of 15 per cent 
ammonium acetate solution were added to 
2-5 ml of beryllium sulphate (0-7-9 mg). 
solution of diammonium phosphate 
(0-0913 M). containing radioactive phos- 
phorus-32 (activity = 20,000 to 30,000 count 
per minute per ml) was then added to this 
solution drop by drop, with energetic 
stirring. After a fixed volume of the solution 
had been added the solution was drawn up 
into jacket A (Fig. 1) and its activity was 
measured. Several points lying in front of 
and beyond the equivalence point were thus 
obtained, making allowance for the change in 
volume. ‘The equivalence point was deter- 
mined graphically or by calculation and the 
amount of beryllium in sample wascomputed. 

Plots of the curve for radiometric titration 
of beryllium with diammonium phosphate 
are given in Fig. 2 and data on quantitative 
estimation of various amounts of beryllium 
in Table 2. 

The table shows that beryllium can be 
successfully determined by radiometric titra- 
tion technique. 

It was pointed out earlier that considerable 
time (about 50 min) is required for deter- 
mining a number of points on the radio- 
metric titration curve.®) Therefore the 
possibility of determining the equivalence 


400-— 
= 
| | | / 
1000 
| 
O 
| 


Reagent added ml 


Fic. 2. I. Titration of 6-2 mg of beryllium with a 0-0913 M 
(NH,),HPO, solution. 
II. Titration of 8-48 mg of phosphorus with 0-1375 M 
solution of beryllium sulphate. 
1—counts per min; 2—reagent added, ml. 


Table 2. Determination of beryllium by the radiometric 
titration method 


wish M) | a | Phosphate | found Deviation 
solution | per cent 

(mg) | (mg) | used (ml) | (mg) 
0-60 0-74 059 | 0-73 —1-40 
100 | 1:24 | 100 | 1-24 +0-0 
1-53 | 190 {| 153 | 1-90 +0 
2-00 | 2.48 | 203 | 253 +1-60 
5-00 6-20 | 484 | 6-08 —2-00 
7:00 868 683 | 8-47 —2-43 


point from two points of the radiometric 
titration curve was studied and an attempt 
was made to develop a general mathematical 
expression determining the equivalence point. 

Three types of radiometric titration curves 
were considered: 

(1) Titration with a radioactive reagent 
(Fig. 3a). In this case it was necessary to 
obtain two points beyond the equivalence 
point on the curve. 

Let A,’ and A,’ be the solution activity 
after addition of V, and V, millilitres of the 
reagent. V,’ is the equivalence point. F is 
the background count (the laboratory back- 
ground plus solution activity due to the 
solubility of the precipitate). 

From similarity of triangles ABD and 
ACE it follows that 


= 
; 


A, — A,’ 

a 

| 

| | | 

| | 
al af 

| | | | 

| | | 

| 

IK Ihe 14 
Reagent added ml 


Fic. 3. Radiometric titration curves. 
1—counts per min; 2—reagent added, ml. 
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(2) Titration of a radioactive substance 
with a non-radioactive reagent (Fig. 3b). 
Here it was necessary to obtain two points 
lying before the equivalence point of the 
curve. As can be seen from the figure, 

A, F V, Vz 


After simplification, the equation is solved 
for V,, giving 


V,(A, — F) — V,(A, —F) 


(3) Titration of a radioactive substance 
with a radioactive agent. Both methods for 
determining the equivalence point can be 
used in this case. 

Two-point titration of beryllium greatly 
reduces the time of analysis and gives 


At Be: Al ratios of 1-5, beryllium was 
slowly precipitated by phosphate; quantita- 
tive precipitation was obtained only after 
adding a large excess of the precipitation 
agent. It should be pointed out that in the 
presence of other elements (Ca, Fe, Cu, Mg) 
even large amounts of aluminum do not 
interfere with beryllium determination. 

Presumably Be and Al form mixed complex 
compounds with EDTA (ethylene-diamine 
tetra-acetic acid and beryllium can be dis- 
placed from these compounds by elements 
forming a more stable complex. 

In the presence of other elements, beryl- 
lium determination was carried out as 
follows. 

An excess of three- to four-fold amount of 
the 7-5 per cent EDTA solution was added 


to a solution containing a mixture of 


TaBLeE 3. Two-point titration of beryllium with a 0-0193 M ammonium phosphate solution 


Be weight Vv 
in sample 


| Be found Deviation 
(mg) | (per cent) 


0-74 
1-24 
1-90 
2-48 
6-20 


0-75 +1-4 
1-26 +1-6 
1-90 
2°55 
6-00 


satisfactory results, as can be seen from 
Table 3. 


Determination of beryllium in the presence of other 
elements 

Experiments have shown that in the 
presence of EDTA (7-5 per cent) beryllium 
is precipitated quantitatively, whereas Al, 
Fe, Cu, Mn, Pb, Cr, Ca, Mg, Co, Ni, and 
other elements remain in the solution. 
Special attention was given to the deter- 
mination of beryllium in the presence of Al, 
Fe, and Cu, as the first two are common 
companions of beryllium, while copper is the 
chief component of beryllium bronzes. The 
determination of beryllium in the presence of 
large amounts of aluminium was found to be 
difficult. 


elements (1 M concentration). An equal 
volume of acetate buffer (pH = 5-5) and a 
15 per cent ammonium acetate solution in a 
volume equal to that of EDTA solution 
were then added. Titration was carried out 
with diammonium phosphate. The amount 
of beryllium present was determined either 
graphically or by calculation, using equation 
(1). The results are given in Table 4. 

As can be seen from the table, the error in 
determinations of beryllium in the presence 
of other elements does not exceed the 
radiometric measurement error. 


Determination of beryllium in bronze 

A weighed amount (0-8-1-3 g) of bronze 
was dissolved in 15 ml of cold nitric acid 
(1:1) and the solution was evaporated 


2 
957 
2 290 | 4 570 65 061 
4 542 | 5 701 | 
3 792 4 1291 61 | 153 
4 1201 3550 6¢ | 266 
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Tas.e 4. Determination of beryllium in the presence of other elements 


Weight in sample (mg) 


| Be found | Deviation 


(mg) | (per cent) 


0-62 


almost to dryness. Distilled water was 
added to the residue, and heat applied until 
the salt dissolved completely. After cooling, 
the solution was transferred to a 25 ml 
volumetric flask; it was neutralized with a 
2 per cent ammonium hydroxide solution 
and distilled water was added to the mark. 
For beryllium determination, 5 ml aliquot 
portions were used. 25 ml of 7-5 per cent 
EDTA solution, 30 ml of acetate buffer, 
and 15-25 ml of 15 per cent ammonium 
acetate solution were added to each portion, 
and it was titrated with 0-0913 M 
(NH,),HPO, solution. 

The results of analyses on Be in bronze 
are given in Table 5. 

Table 6 gives the results of beryllium 
determinations by titration, using the two- 
point technique. 

Tables 5 and 6 show that the beryllium 
content of bronze can be successfully deter- 
mined by this method. 


Taste 5. The determination of beryllium in bronze 
(Equivalence point found graphically) 


Weight of | Be content in bronze | — 
bronze sample according to | 


(g) specifications per cent | (per cent) 


The determination of beryllium in concentrate 


A weighed amount of (0-5-0-7 g) of 
beryllium concentrate was fused with a 
fourfold amount of sodium fluoride?” in a 

latinum crucible at a temperature of 
1000-1100°C for 40 to 50 min. 

The product was allowed to cool and a 
small amount of sulphuric acid was added to 
the crucible, which was then heated on a 
sand bath. After complete decomposition of 
silicic acid and of fluorides, sulphuric acid 
was evaporated almost to dryness and the 
residue was dissolved in distilled water. 
The crucible contents were transferred to a 
50 ml volumetric flask and neutralized with 
dilute ammonium hydroxide until the solu- 
tion became slightly turbid. The particles 
were dissolved by 1 or 2 drops of dilute 
sulphuric acid and distilled water was added 
to the mark. 

For beryllium determinations, te 5 ml 


Taste 6. The determination of beryllium in bronze 
(Equivalence point calculated) 


Weight | | 
of bronze A, | 
sample 


| 
(g) | 


Be found 
_ (per cent) 


4,| F| 
| 


| 
| 


0-8363 
1-0313 
1-2175 


| | 
14 398 68 2-86 
14 | 330 | 68 | 3:52) 2-11 
14 | 360 | 70 | 4-33 | 2-15 


08363 (161 
10313 280 
12513 6 120 


| 
| 
| 
| 
| 
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Be Cu Fe Al Ca Mg Co Ni 
10-00 1000 30:0 — | 1009 0-90 
12-0 60-0 30-0 90-0 25-0 25-0 30-0 30:0. | 11-77 _1-88 
4-00 100-0 50-0 40-0 40-0 20-0 35-0 350 | 3-97 0-75 
4-96 6-4 73-0 20-0 40-0 40-8 50-0 50-0 4-82 9-80 
0-50 20-0 5-0 2-0 0-48 4.00 
8-50 180-0 85-0 120-0 8-21 _3-40 
5-00 100-0 40-0 120-0 40-0 511 4.9.20 
0-25 39-0 16-8 ae 0-26 
VOL. 
2 
1957 
2-12 9-15 
9-19 2-11 
9-12 2-13 
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portions of the solution were added 10-12 ml 
of EDTA solution, 25 ml of acetate buffer 
(pH 5-13), and 15 mlof 15 percentammonium 
acetate solution, and the titration was 
carried out with a 0-0913 M (NH,),HPO, 
solution. The results are listed in Tables 7 
and 8. 

Table 8 contains the results of beryllium 
determinations by titration, using the two- 
point technique. 

Comparison of results for the beryllium 
content of concentrate as determined by 
radiometric titration with results of gravi- 
metric analysis shows that the volumetric 
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method proposed can be used in analysing 
materials containing beryllium. 


Tas.e 7. The determination of beryllium in concentrate 
(Equivalence point found graphically) 


Concentrate 


i | 


analysis 


Be found 


By gravimetric 
analysis 


11-10 
11-01 
11-10 


10-80 
10-90 
11-03 


0-6059 
0-6256 
0-6558 


| 


Taste 8. The determination of beryllium in concentrate by the two-point titration technique 


Concentrate | | 
sample weight V, 
(g) | 


Be found (per cent) 


As volumetric 


analysis 


By gravimetric 
analysis 


0-6059 
0-6256 
0-6558 


11-10 
11-01 
11-10 


THE DETERMINATION OF ZIRCONIUM 


Zirconium is usually determined gravi- 
metrically by precipitation from acidic 
solution with ammonium phosphate or 
phenylarsonic acid. 

A number of volumetric methods for deter- 
mination of zirconium, both directly(?!.22.?3) 
(titration with EDTA using Eriochrome 
Cyanine or Alizorol Cyanone as an 
indicator and amperometric titration with a 
fluoride or Cupferron), and indirectly 
(zirconium is separated in the form of a 
slightly soluble compound—selenite, iodate, 
or phosphate—which is dissolved, and the 
anion bounded with zirconium is determined 
volumetrically). 

The radiometric titration method was 
used for direct determination of zirconium 
in alloys without preliminary separation 
from other elements. 

A solution of zirconium chloride was 
prepared by fusing a weighed sample of 
ZrO, with a six- to eight-fold amount of 
potassium pyrosulphate and dissolving it 
in dilute (1:4) hydrochloric acid. The 
zirconium concentration was determined 


by the gravimetric phosphate method. 

The concentration of the phosphoric acid 
solution was determined with magnesia 
mixture. 


2000 


\ 


~ 


Counts/min 


| 
| 


Reagent added m 


Fic. 4. 
I. Titration of 13-68 mg of zirconium in 25 ml 0:05 M 
phosphoric acid solution. 
II. Titration of 19-6 mg of phosphoric acid in 25 ml of 
0-05 M zirconyl chloride solution. 
1—counts per min; 2—reagent added, ml. 


= 
| | 
2 6 459 68 10-85 
357 
/ 
1400: 
| 
1 a 4 5 6 
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Taste 9. Determination of zirconium by the radiometric titration method in the presence of other elements. 


Amount used (mg) 


Al 


] 
| Zr found 
| (mg) 
| 


16-1 
19-9 

5:46 
10-89 
18-0 
29:5 
26-6 

4-4 
| 6:25 
2-65 
| 10-9 

18-1 
| 26-0 
| 8-05 


The radioactive isotope used was 
phosphorus-32 (Na,HPO, solution). Small 
amounts were added to a phosphoric acid 
solution. Dilute 0-1 M and 0-05 M, and 


0-01 M working solutions were prepared 


from initial solutions. 

The equivalence point was found graphi- 
cally by extrapolating the branches of the 
titration curve to the point of intersection. 
Fig. 4 shows the radiometric titration 
curves for zirconium and phosphoric acid. 

A large number of experiments carried 
out under various conditions (solution, 
acidity from 0-5 to 2-5.N, concentration 
from 0-01 to 1 mg per ml, varying order of 
titration) showed that 1 mole of phosphoric 
acid is used up in titration of 1 mole of 
zirconium chloride. Hence the titration 
reaction equation will be 


ZrOCl, + H,PO, = ZrOHPO, + 2HCI. 


The precipitate composition was confirmed 
by chemical analysis. The zirconyl phos- 
phate precipitate dissolves appreciably when 
the acidity is increased to 3-5-4 N. 


Determination of zirconium in the presence 
of other elements 

To find out the possibility of volumetric 
estimation of zirconium by phosphoric acid 


in the presence of other elements, titrations 
of zirconium solutions with 0-5 M phosphoric 
acid solution were carried out with addition 
of Fet’, Al+8, Cot®, Nit+?, Cut?, and Ti*. 
(The solution acidity was 2N and the 
initial volume 25ml.) The results are 
listed in Table 9. 

The table shows that zirconium can be 
successfully determined in the presence of 
other elements. 

H,O, was added to the solution when the 
determination of zirconium was carried out 
in the presence of titanium. 


Determination of zirconium in alloys 


Three samples of iron-base alloys con- 
taining various amounts of zirconium (9-51 
per cent, 1-05 per cent, and 0-53 per cent) as 
well! as large amounts (several per cent) of 
Al, Cu, Co, and Ni were available. 

The determination of zirconium was 
carried out as follows. A weighed sample 
(1-3 g) of the alloy was dissolved in 30 ml of 
dilute 1 : 1 hydrochloric acid heated on a 
sand-bath. 

The solution was cooled and the undissolved 
residue (silicic acid and part of the zirconium) 
was filtered off. The residue was washed on 
a filter two or three times with distilled 
water, the filter was dried and ignited at 
900-1000°. 


10-8 — | 10000 
6-3 — | 0. | 30-0 
2-7 100 6250 «5000 S| 300 

10-8 100-0 25-0 | | 
18-0 400-0 100 20-0 30-0 20-0 
26-1 10-0. 400-0 150 200 100 
8-1 10-0 300-0 20-0 150 150 | 400 

VOL. 
2 
195° 
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Taste 10. Determination of zirconium in alloys 


Weight of 
sample per 
| 100 ml of 
solution (g) 


| Zirconium found (per cent) 


Alloy 
sample 


By radiometric | By gravimetric 
titration | analysis 


9-51 
1-05 
0-53 


10103 9-21; 
31395 054; 


After calcination* the precipitate was 
fused with potassium pyrosulphate. The 
product was dissolved in a small volume 
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(10 m!) of dilute 1 : 1 hydrochloric acid and 
added to the alloy solution. 

The alloy solution was then transferred to a 
100 ml flask, and after dilution to volume 
with distilled water carefully mixed. 20- 
25 ml aliquot portions were withdrawn and 
subjected to titration as described above 
with 0-05 M and 0-01 M phosphoric acid 
solutions containing the radioactive isotope 
phosphorus-32. 

The result of analyses are given in Table 10. 
The data prove that radiometric titration 
can be successfully employed for determina- 
tion of zirconium in alloys. 


THE DETERMINATION OF THALLIUM 


The existing methods for determination of 
thallium are based on its precipitation as a 
chromate or iodide.‘?*:?® Volumetric deter- 
mination can be carried out in a hydro- 
chloric acid solution with methyl orange as 
tracer.99 An amperometric technique for 
titration of thallium in the presence of other 
elements has also been suggested. 

A study was also made of the possibility of 
carrying out the determination of thallium 
by radiometric titration with iodide, chro- 
mate, phosphotungstic acid, and sodium 
tetraphenylboron. 


Titration of thallium with potassium iodide 
Thallium isotope thallium-204 with a 


00-05 010 0-5 
Reagent added 
Fic. 5. Titration of small quantities of thallium with 0-1 M 
potassium iodide solution (2 ml volume). 
1—counts per min; 2—reagent added, ml. 


0-20 
mu 


specific activity of 150 mc/g served as tracer. 
The volume of solution was 2 ml. Titration 
was carried out in the presence of acetic acid. 

Fig. 5 gives the curves obtained for 
radiometric titration of thallium with 
potassium iodide and the analysis data are 
listed in Table 11. 


Radiometric determination of thallium with 
0-1M KI 


TABLE 11. 


TI found 
(mg) 


Deviation 
(per cent) 


KI used 
(ml) 


Tl sample | 
weight (mg) | 


0-45 —2-0 
1-16 +1:7 
1-86 0 
3-73 0 
5:77 +3-2 
7-56 —2-6 


0-018 
0-046 
0-075 
0-15 
0-30 


Determination of large amounts of thallium 
(10 mg) can be carried out rapidly, using 
the two-point technique. The results obtained 
are given in Table 12. 

It is often necessary to carry out the 
determination of thallium in the presence of 
lead, which reacts similarly. To remove the 
interference by lead, we used a double 
volume of saturated solution of EDTA, 
binding the lead in a stable complex. The 
necessary pH value of the solution was 
obtained by means of an acetate buffer with 


* Silicic acid was not separated from the precipitate, since it does not interfere with the determination of 


zirconium, 


es 9-34; | 9:32 | 
1:05; 1-06 
3 | 0-50; | 0-55 
OL. 
2 
957 
0-46 
1-14 
1-86 
1600 3-73 
x 5-59 
7-76 
—\. | 
3 
\ 
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Radiometric titration of thallium using the 
two-point technique 


TaBLe 12. 


| 

Deviation 
| (per cent) 
| 
| 


TI found 


Tl sample Vv. 
: (mg) 


weight (mg) | 
| 


—28 
—0-1 
+2:-0 
+0°8 


6-33 
8-36 
10-40 
12-20 


0-28 
0-37 
0-46 
0-54 


a pH of 4. In the presence of EDTA at a 
pH of 4, thallium can easily be determined 
even with a fiftyfold amount of lead in the 
solution. 


Titration of thallium with potassium chromate 


In the presence of ammonium hydroxide, 
thallium yields a yellow precipitate with 
good filtering properties when acted on by 
the chromate ion. The solubility of thallium 
chromate is approximately of the same order 
as that of the iodide, and the minimum 
amounts that can be determined using these 
reagents are therefore equal. Table 13 
contains results obtained for radiometric 
titration of various amounts of thallium with 
potassium chromate, using the two-point 
technique. 

It can be seen from the table that thallium 
titration with chromate gives a sufficient 
degree of accuracy. 


Titration of thallium with phosphotungstic acid 


Determination of thallium with phospho- 
tungstic acid was carried out with solutions 


Taste 13. Titration of thallium with 0-05 M K,CrO, 
using the two-point technique 


| | 
Tl found 
(mg) 


Deviation 
(per cent) 


Sample weight 
(mg) 


0-46 
0-83 
7-46 
9-30 
11-10 
13-90 
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Counts/min 


0:2 0-4 0-6 
Reagent added ml 
Fic. 6. Titration of small quantities of thallium with 
0-1 M phosphotungstic acid solution (2 ml volume) 
1—counts per min; 2—reagent added, ml. 


containing the radioactive tracer thallium- | 
204 and with heteropolyacid labelled with 
phosphorus-32. The phosphorus-32 isotope 
was introduced into the acid molecule 
during synthesis of the acid.) The com- 
position of the precipitate formed in titration 
of thallium with phosphotungstic acid is 
similar to that of the products obtained by 
substituting univalent alkali methods for 
four hydrogen atoms of heteropolyacid.‘3,3#) 
It follows that in titration the compound 
T1,H,[P(W,O,) is formed. 

Precipitation was carried out in 0-5-1 N 
HNO,; a precipitate of larger particle size 
is obtained under these conditions. 

Fig. 6 contains plots of the curves for 


Taste 14. Titration of thallium with phosphotungstic 
acid 


Deviation 
(per cent) 


TI found 
(mg) 


Sample 
weight (mg) 


0-21 
0-52 
0-90 
1-86 
3-73 


0-22 + 
0-51 
0-90 
1-86 
3°73 


8 
9 


6-51 
8-37 
= ave 
400) 
i 
\/ 
VOL. 
2 
| 
| 0-46 0 | 
0-84 +1-2 | 0-02 | 
| 3-72 0-025 
723 —3-1 | 0-045 0 
9-40 +1-0 0-09 0 
11-30 +1:8 0-18 0 
14-20 +2:1 0-27 0 
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15. Titration of Tl with a 0:1 M _ solution of 
H,[P(W,O,),] in the presence of other elements 
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Tasie 16. Radiometric titration of Tl with 0-05 M 
solution of Na[B(C,H;),] 


Weight in sample (mg) | Tl 
| found 


| (mg) 


Tl | Pb Hg 


| Tl found 
(mg) 


Weight of 
Tlin 
sample (mg) | 


Reagent 
used 
(ml) 


Deviation 
(per cent) 


0-93 
0-94 
1-84 
1-86 


0-93 124 
093 5 — — | 
1-86 1:98 500 
186 124 200 


radiometric titration of thallium with phos- 
photungstic acid and Table 14 the results of 
analyses for small amounts of thallium. 


Determination of thallium in the presence of other 
elements 

Titration with phosphotungstic acid allows 
to determine thallium in the presence of 
elements which react in a similar fashion 
(Hg, Pb, Ag, Bi). 

In the presence of nitric acid (1 N) 
phosphotungstic acid does not yield a 
precipitate with the elements mentioned, 
whereas thallium titration is quantitative. 

Table 15 gives the results of radiometric 
titration of thallium in the presence of other 
elements. 

As can be seen from table, considerable 
amounts of accompanying elements do not 
interfere in the determination of thallium. 

In the presence of silver, thallium cannot be 
determined when Tl: Ag_ ratio reaches 
30. 


Titration with sodium tetraphenylboron 


Sodium tetraphenylboron forms a white 
precipitate with thallium. The data on 


TABLE 17. 


0-24 +43 
0-46 0 
0-95 
2-72 
4-56 —2-0 
5:58 0 


titration of thallium with this reagent are 
listed in Table 16. 

Experiments showed that thallium can be 
successfully titrated with sodium tetraphenyl- 
boron in the presence of lead if the latter is 
bound in a complex by means of EDTA 
It was found that small amounts of thallium 
(0-4 mg) can be determined in the presence 
of 150 times the amount of lead. 


The analysis of industrial products 


Finally industrial products were analysed 
containing, along with thallium, zinc, 
cadmium, and copper. 

The product was prepared for analysis by 
simply dissolving a weighed sample in nitric 
acid and neutralizing the solution to the pH 
required, after which titration with sodium 
tetraphenylboron was carried out in the 
presence of EDTA. 

The results of analyses are listed in Table 
17. 

As can be seen from the table, radio- 
metric titration can be successfully used for 
the determination of thallium in industrial 
products. 


Analysis of industrial products 


| | 
Sample 
Weight 
(mg) 


Sample | 
No. | 


Composition 


Na B(C,Hs), 
used | By By By 
(ml) 


TI found 


spectral 
analysis 


chemical 
analysis 


radiometric 
titration 


Tl, Cd 
Tl, Cd 
Tl, Pb, Cd, Cu, ZnS 
Tl, Pb, Cd, Cu, ZnS 
Cu, Tl 
Cu, Tl 


= 
| Ag | Bi | | 
| | 023 | 0-036 
0-46 0-067 
0-93 0-14 
2-79 0-40 
| 4-65 0-67 
957 
0-1139 0-022 0-11 >0-12 
01446 0-028 0-14 >0-12 
Il 01039 0-027 0-14 0-14 0-1 
| 01039 0-32 0-17 0-14 0-1 
0-028 0-14 0-1 
| 01023 0-028 0-14 0-1 
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CONCLUSIONS 


(1) A new volumetric method has been 
developed for the determination of beryllium 
and zirconium with phosphate and of 
thallium with iodide, chromate, phospho- 
tungstic acid, and sodium tetraphenyl- 
boron. 

The properties and composition of the 
precipitate were studied. 

(2) It was shown that in the radiometric 
titration of beryllium with diammonium 


phosphate, beryllium orthophosphate is 
formed; zirconium yields zirconium phos- 
phate in acid medium. 

(3) It was proved that in radiometric 
titration the equivalence point can be found 
from two known points. 

(4) Radiometric titration of Be, Zr, and 
Tl can be successfully employed for the 
analysis of important industrial products 
containing these elements. 
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The Use of Gamma Radiation in the Study 
of the Expansion of Gas-Liquid Systems 


E. J. GIBSON, J. RENNIE, and B. A. SAY 
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(Received 29 March 1957; in final form 25 April 1957) 


The technique of gamma absorptiometry has been applied in a study of the mechanics of a 
gas/liquid system at pressures up to 20 atm and temperatures up to 260°C. The study was 
made using water-gas and liquid paraffin in a reactor designed for the Fischer-Tropsch 
synthesis. 

The equipment used is described. It is shown how differences in density between the top 
and bottom of the bed can be measured, and how the expansion and frothing of the liquid 
varies with gas velocity and pressure. The technique has proved very useful in plant control 
during synthesis experiments. 


L’UTILISATION DES RAYONS GAMMA A L’ETUDE DE LA DILATATION 
DES SYSTEMES GAZ-LIQUIDE 


La technique de l’absorptiométrie aux rayons gamma a été appliquée a une étude de la 
mécanique d’un systéme gaz/liquide a des pressions allant jusqu’a 20 atmosphéres et a des 
températures allant jusqu’a 260°C. L’étude a été faite avec du gaz a l’eau et de la paraffine 
liquide dans un réacteur pour la synthése Fischer-Tropsch. 

Le matériel est décrit. On montre comment on peut mesurer les différences entre les 
densités en haut et en bas du lit, et comment varient la dilatation et l’écumage du liquide avec 
la vitesse et la pression du gaz. La technique s’est montrée trés pratique pour le contréle de 
l’installation dans les expériences de synthése. 


Il] PUMEHUE TPH PACIIMPEHIM SL 
CHUCTEM ROCTb 


Tponmma-umepe. 

jlaHo ommcaHne mpumMeHAeMOit almmaparypH. cnocoO u3MepeHuA pasHOocri 
IIOTHOCTei MeXILy BepXHUM HUXHMM C10eM YCTAHOBJeHA 3aBMCHMOCTbh I 
BCHEHUBAHHA OT CKOPOCTH rasa. MeTOIMKA OKABATACh 


DIE VERWENDUNG VON y-STRAHLUNG BEIM STUDIUM DER EXPANSION IN 
GAS-FLUSSIGKEITSSYSTEMEN 


Es wurde die Verfahrenstechnik der Absorption von Gammastrahlen bei der Untersuchung 
eines aus Gas und Fliissigkeit bestehenden Systems unter Driicken bis zu 20 ata und bei 
Temperaturen bis zu 260° angewendet. Die Untersuchung wurde in einem fiir das Synthes- 
everfahren ausgefiihrten Reaktionsgefass an Wassergas und Paraffinél durchgefiihrt. 

Die Versuchsapparatur wird beschrieben. Die Ermittlung von Dichtigkeitsunterschieden 
zwischen dem oberen und dem unteren Teil des reagierenden Schichtes und die Abhangigkeit 
der Dehnung und Schaumung der Fliissigkeit von der Geschwindigkeit und von dem Druck 
des Gases werden dargelegt. 

Diese Arbeitsmethode hat sich zur Betriebskontrolle einer Synthese-Versuchsanlage als 
besonders zweckmassig bewahrt. 
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INTRODUCTION 


THE use of gamma radiation to determine 
the level of liquids within opaque retaining 
walls is now common practice, particularly 
in the petroleum industry. In most cases, 
it is sufficient that the level of the liquid 
shall be determined within fairly close limits, 
and this is done either by means of a radio- 
active source floating on the surface of the 
liquid, or by having a source outside the 
retaining vessel, and directing a beam of 
radiation through the vessel to a detector 
on the other side.” 

Devices of the second kind are, however, 
capable of giving more information than 
merely the level of the liquid. The quantity 
of radiation absorbed will depend, among 
other things, on the mass of material 
between source and detector and so by 
means of suitable calibrations, the mean 
density of the material between source and 
detector can be estimated. Thus Grouse’) 
has used the technique in a study of 
fluidized bed systems. 

In pilot plant studies of the Fischer- 
Tropsch process, using a reactor in which 


gas passes upwards through finely powdered 
catalyst suspended in a liquid medium, 
knowledge of the factors which influence the 
degree of expansion and frothing of the 
liquid, and the uniformity of distribution of 
the catalyst was required. 

A number of investigators have studied the 


behaviour of bubbles rising through columns 
of liquid in glass apparatus, using, for the 
most part, air as the gas phase, and water or 
mineral oils as the liquid phase." As a 
result of similar experiments at the Fuel 
Research Station, it was found that the values 
for liquid expansion obtained at atmospheric 
pressure using a synthetic oil fraction as the 
liquid medium did not agree with those 
determined in small synthesis reactors at 
265°C and 20 atm, the liquid level during 
synthesis being determined by temperature 
measurements inside the reactor. Further, 
no data were obtainable for the density of 
the froth, nor for changes in density through- 
out the column of liquid. 

We have used gamma absorptiometry in 
a preliminary study of the gas/liquid system 
in the synthesis reactor itself (complete 
with cooling tubes, etc.), and as a means of 
obtaining data on the behaviour of the 
slurry during synthesis experiments. The 
experiments were carried out at pressures in 
the range 3 to 20 atm and at temperatures 
between 150 and 260°C, using water-gas at 
velocities up to 6000 ft?/hr. A full analysis 
of all the results will be given elsewhere, 
and the purpose of this paper is to describe 
the method used, and to show the sort of 
information that can be obtained using this 
technique. 


APPARATUS 


Arrangement of source and counter 


The reactor in which the study was made 
is 23 ftin length and 10 in. interna] diameter, 
with } in. steel walls. Water-gas enters the 
reactor through a Grade A Porosint gas 
distributor, pore size diameter 2 to 3 uw, and 
passes upwards through the liquid medium. 
Fig. 1 shows a diagrammatic cross-section 
of the plant and the arrangement of the 
source and counter; the bottom of the 
froth breaker is 16 ft 3in. above the gas 
distributor. The source holder and counter 
(a GE.C. Geiger-Miiller tube, type G.M.4) 
move on guide-wires suspended on either 
side of the reactor. In order to hold the 
source and counter in fixed relative positions, 


they are linked by a continuous wire which 
moves them up and down the reactor 
simultaneously. Their positions on the 
circumference of the reactor are selected so 
that the centre of the radiation beam passes 
along a diameter between the cooling tubes. 
The beam emerges from a 5mm hole in 
the face of the source holder. 

The counter is connected through a 
probe unit (type 1014A) to a ratemeter 
(type 1037). 


Choice of source 

The “thickness”’ of steel wall and magnesia 
lagging across a diameter of the reactor is 
21-0 g/cm?, and the extra ‘“‘thickness’’ due 
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i 
IMB 
Fic. 1. Vertical cross-section of reactor. 
A gas distributor 
B-B’ cooling tubes 
C filter candle 
D continuous wire, connecting source and counter 
FE counter 
F source 
G storage cave for source 
Af froth breaker 
J demister 
K to probe unit 
L magnesia lagging 


to the liquid medium is in the range 13 to 
20 g/cm?. In order to reduce the necessary 
shielding to a minimum, it was decided to 
use iridium-192 (87 per cent of gamma 
emission less than 0-47 MeV) for the pre- 
liminary experiments. Using a 3 mc source, 
the liquid level could be determined to 
within half an inch, but little other quanti- 
tative information was obtainable. A 15 mc 
source gave reasonable sensitivity in density 
measurements, but it was soon found that 
the short half-life (74 days) was a serious 
disadvantage, mainly because of loss of 
sensitivity. Hence, in the final design, 20 mc 
of the fission product caesium-137 was used 


(half-life about 30 years, gamma energy 
0-61 MeV) as source material. 


Shielding 

In early work with the iridium source, 
half an inch of lead around the source 
provided sufficient shielding to reduce the 
radiation to less than 12 mr/hr at the surface. 
In the case of the caesium source, other 
structures on the plant prevented more than 
2 in. of lead shielding being provided 
around the source, and this resulted in a 
dose of 12 mr/hr at 15 in. from the source 
holder. It was considered desirable, therefore, 
to replace the manual control of the source 
by a remote control; the equipment used 
for this is briefly described below. When 
not in use, the caesium source is stored in a 
lead shield at the top of the reactor. This 
provides a further 2 in. of lead all round the 
source, and reduces the radiation to a very 
low level at its surface. 


Indicating and control gear 

The position of the source and counter 
is indicated remotely in the following way. 
‘A commutator strip is mounted vertically 
adjacent to the guide wires of the counter 
carrier. “Segments” on the strip, correspond- 
ing to feet and inches respectively above the 
datum level, are traversed by contact 
rollers mounted on the counter carrier, 
and thus signal lamps showing the position 
of the source and counter are illuminated. 

Provision is made for manual and auto- 
matic scanning of the Jength of the reactor. 
The manual control is in the form of “up” 
and ‘‘down’”’ push buttons, which cause a 
motor to drive the source and counter in the 
appropriate direction, together with a set 
of stop switches, corresponding to the signal 
lamps representing feet and inches above the 
datum level. The traverse motor is stopped 
at the position corresponding to the pair of 
switches which have been selected. To 
avoid errors, the stop switches are effective 
only when the source and counter are rising. 

When automatic scanning is selected, the 
levels at which measurements are required 
are preset by means of. the stop switches. 
The counter and source rise to the first 
selected level, pause for a time interval 
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governed by a time-switch (normally set at 
three times the integrating time constant of 
the ratemeter), and then rise to the next 
selected level where the pause is repeated. 
During each pause, the counter is connected 
to a suitable recorder for a preset time to 
allow the count to be recorded. 


A switch is included so that if required, 
the reactor can be continuously scanned. 
In the case of a single scan, the traverse is 
halted when the source is inside the lead 
shield at the top of the reactor. A photo- 
graph of the exterior of the control gear and 
ratemeter is shown in Fig. 3. 


CALCULATION OF RESULTS 


Because of the large amount of scattered 
radiation in this system, the mass absorption 
coefficients for the materials in the beam 
path give only a rough guide to the amount 
of radiation which will absorbed. ‘The count 
rates obtained on the present work were 
about 300 counts/sec through the empty 
reactor from the 20 mc caesium source. 

It was found that using an integrating 
time constant of 20sec a stable reading 
could be obtained, which was reproducible 
to within 5 counts/sec (1-6 per cent of full 


scale). Readings were taken of the trans- 
mission through the empty reactor, and 
these, together with transmission figures 
obtained with the reactor containing B.P. 
liquid paraffin of known density at a number 
of temperatures between 150 and 250°C, 
enabled the effective mass absorption coefhi- 
cient of the paraffin to be calculated. The 
value obtained for the effective absorption 
coefficient was 0-062 cm?/g; the mass absorp- 
tion coefficient of paraffin calculated from 


published data“ is 0-080 cm?/g. 
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Fic. 4. Plots of radiation transmitted through reactor 
against height above gas distributor. 
Conditions. Temperature, 175 to 185°C, pressure, 18 atm, 
static liquid level, 8 ft 6 in., gas linear velocites: 
I 0-07 ft/sec, 
II 0-21 ft/sec, * 
III 0-28 ft/sec. 


* The apparent anomaly in the position of A in plot II is due to a small change in the absorption of the empty 
reactor between 11 ft and 11 ft 6 in. Similarly, the increase in transmission above point B is due to increase in trans- 


mission through the empty reactor. 
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Fic. 2. Source and counter in position on reactor. 
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Ratemeter and position control and indicating 
equipment. 
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The type of graphs obtained by plotting 
count-rate against height above gas distri- 
butor when gas is passing through the 
reactor is shown in Fig. 4. The large fall in 
transmission at 15 ft is due to the absorption 
of radiation by the cooling tubes at this 
point. The change in density of the medium 
is quite sharp at the positions marked A, and 
this was taken as the top of the “liquid.” 
Positions B represent the upper level of the 
froth, that is, the point at which the count- 
rate becomes the same as that through 
the empty reactor. 

The mass of liquid in the froth was 
estimated in the following way. The count- 
rate at any point in the froth can be expressed 
by the equation: 

I = Iye-25" 
where J = count rate through froth 
Z,= count rate through empty reactor 
p = density of froth in g/cm® 
fu = effective mass absorption coeffi- 
cient of paraffin 
25 = length of beam path through 
the paraffin in cm. 
= —25up 


Hence 

It therefore follows that by measuring 
the area enclosed within the graph of 
log (J/J)) against height for the region 
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Plot of radiation absorbed against 
density of liquid. 
calculated using the 
absorption coefficient. 
© values derived from mean liquid density and 
mean transmission in expanded systems. 
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containing the froth, the mass of liquid in 
the froth can be obtained. The liquid in 
the froth was normally expressed in terms 
of an equivalent height of material of the 
same density as that at the top of the 
“liquid.” The mean density of the medium 
could then be calculated from the total 
height of expanded liquid, i.e. “‘liquid” 
level plus equivalent height of froth. 

Although such a procedure involves some 
approximations, the results obtained indicate 
that the errors introduced are not large. 
Thus, on a plot of mean “liquid” density 
against mean radiation absorbed, most of 
the points lie close to the theoretical line 
calculated using the effective mass absorp- 
tion coefficient,* see Fig. 5. 


RESULTS 


The following two examples show the 
type of quantitative information obtainable 
with this technique. 

When gas is passed through a liquid, the 
overall volume occupied by the liquid 
increases as the linear velocity of the gas is 
raised. Table 1 shows the results obtained 
at five different rates of gas flow. 

It can be seen that at low linear gas 
velocities there is no measurable difference 
between the density of the liquid phase at 
the bottom and top of the reactor. As the 
linear velocity of the gas is increased, the 
gas content of the liquid, and hence the 


expansion in “liquid”? volume, is increased 
and the “‘liquid”’ density is reduced. How- 
ever, this effect is not uniform along the 
length of the reactor and it can be seen that 
as the gas velocity rises, the reduction in 
density at the top of the “liquid”? becomes 
increasingly greater than at the bottom. 
Between 0-21 and 0-28 ft/sec (Fig. 4), 
there is a very large increase in “liquid” 
height, and a reduction in the amount of 
froth. At the higher linear velocity, the 
liquid phase is almost in a condition where 
there is a gradual fall in density from the 
bottom to the top, rather than a clearly 


* The errors introduced by linear averaging of radiation absorbed, J(1 — e-*e), are well within the limits of 
accuracy of the method (5 counts/sec), even for those experiments in which the maximum density change occurs 


from top to bottom of the liquid column. 
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Tas.e 1. Effect of increasing gas velocity on a gas/liquid system 


Temperature, 185°C 
Pressure, 18 atm 


Liquid, B.P. paraffin 
Gas, water-gas 


Linear velocity* of gas, | Height of “liquid” | Height of “froth” | 


ft/sec. 


“Liquid” density (g/cm*) 


Change in 
density 


Top of 
“liquid” 


| 
bottom | 


Nil 
0-069 
0-101 
0-141 
0-213 
0-277 


0-79 Nil 
0-75 Nil 
0-62 0-06 
0-55 0-10 
0-42 0-18 
0°33 0-24 


0-79 
0-75 
0-68 
0-65 
0-60 
0-57 | 


* Linear velocity calculated as volume flow under test conditions divided by cross-section of reactor in the region of 


the cooling tubes. 


defined boundary between “liquid”? and 
froth. These changes can be given quanti- 
tative expression using this technique. It 
seems probable that between these two gas 
velocities, there is a transition from a 
condition of laminar flow to one of turbulent 
flow. 

One of the unknown factorsin the beha- 
viour of gas/liquid systems is that of pressure. 
We have found that at 185°C, in the range 3 to 
18 atm absolute, the expansion increases 


4 


0:21 


Height of froth 


°lo liquid expansion 


ft/sec 


6 12 18 
Pressure atm absolute 


Fic. 6. Variation in liquid and froth heights with 
change in pressure. 
Temperature 185°C, static level of liquid 8 ft 6 in. 


with increase in pressure. Fig. 6 summarizes 
the effect of pressure on the liquid expansion 
and on the height of froth. It has been 
found’) that for a given pore diameter in 
the gas distributor, the gas bubble size is 
reduced as the surface tension of the liquid 
is lowered. The increased solubility of gases 
in oil at the higher pressure would be 
expected to reduce the surface tension of 
the liquid, and this may be partly responsible 
for the observed effect. 

Apart from these basic investigations, the 
instrument has been invaluable in following 
changes taking place in the system during 
synthesis. For instance, at the beginning 
of an experiment (temperature 265°C, pres- 
sure 10 atm) in which the catalyst was 
suspended initially in B.P. paraffin, at a 
linear velocity of about 0-2 ft/sec the usual 
froth height was obtained. During the first 
few hours synthesis, there was a marked 
increase in the quantity of froth, but after 
36 hr synthesis, the froth had almost dis- 
appeared, and the expansion no longer 
changed markedly with changes in linear 
velocity. This change in behaviour is 
probably attributable to the presence in the 
liquid of polar compounds, formed during 
synthesis, which change the physical pro- 
perties of the liquid. 
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On décrit une méthode de préparation d’or colloidal radioactif ayant pour but d’obtenir 
une répartition aussi uniforme que possible de la taille des particules. 

Pour que les deux phases de précipitation et de grossissement des germes aient lieu suc- 
cessivement on utilise un colloide non radioactif comme germe pour la réduction et la 
précipitation d’or a partir d’acide chloraurique. 

La dimension moyenne des particules obtenues est de 300 A. 


A NEW METHOD FOR PREPARATION OF RADIOACTIVE COLLOIDAL GOLD 


A method for preparation of radioactive colloidal gold has been studied in order to get a 
uniform distribution of the particle size. 

The two steps of precipitation and growth of the particles are kept separate by using gold 
from chlorauric acid for reduction and precipitation. 

The average size of particles is 300 A. 


HOBbIM METOJ, 
Pasyetenne cTaquit pocta TeM, YTO BOCCTAHOB 
Il 30.10TO M3 (3)—KHCJIOTHI. 
Cpeanuit pasmMep 300 A. 


EINE NEUE METHODE ZUR HERSTELLUNG VON 
RADIOAKTIVEM GOLDKOLLOID 


Um eine moéglichst gleichmassige Verteilung der Teilchengréssen in radioaktiven Gold- 
kolloiden zu erreichen wurde eine neue Art der Herstellung versucht. Diese erfolgt in 2 
Schritten: (1) Erzeugung einer gewohnlichen, inaktiven kolloidalen Goldlésung mit Teilchen- 
grossen zwischen 40 und 50 A. (2) Diese dient hierauf als Keimlésung bei der Reduktion 
der radioaktiven Goldkolloidlésung aus Goldchlorwasserstoffsaure, die erhalten wird durch 
Loésung von aktiviertem Gold in K6énigswasser und Eindampfen am Wasserbad im Lutstrom. 

Die mittlere Teilchengrésse betragt 300 A. 


INTRODUCTION 


Le coLuoibeE d’or radioactif, de plus en plus 
employé en thérapeutique, doit correspondre 
aux caractéristiques suivantes: (1) grande 
stabilité, forte concentration pour permettre 
Pinjection sous un faible volume; (2) 
absence de produits nocifs; (3) pH non 
inférieur a 5; (4) particules de dimensions 


réguliéres aux alentours de 300 A, et 
surtout absence de petites particules pouvant 
diffuser dans les tissus. 

La méthode que nous avons choisie 
s inspire des considérations de TurKEviTcH") 
sur la formation des sols d’or, dans laquelle 
il distingue deux étapes différentes: (1) 
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la nucléation, au cours de laquelle il y a 
formation des particules avec une dimension 
de 40-50A; (2) la croissance pendant 
laquelle des germes initiaux augmentent 
de dimensions. 

Il est indispensable, pour obtenir un 
colloide régulier, que ces deux phases 
soient successives, afin d’éviter que des 
germes ne puissent commencer a grossir 
pendant que d’autres sont encore en train 
de se former. 

La phase de nucléation, qui nécessite 
un potentiel redox plus élevé peut étre 
séparée de la suivante par Tlutilisation 
de deux réducteurs différents. 

La méthode décrite par 
utilise le glucose comme réducteur. En 
présence de soude et a chaud, le glucose 
est hydrolysé en acide lactique et aldéhyde 
pyruvique, et le pH de la solution s’abaisse. 
De plus, les produits d’hydrolyse du glucose 
sont plus réducteurs que le glucose lui- 
méme: le milieu n’a donc pas un pouvoir 
réducteur constant et le colloide produit 
n’est pas formé de grains réguliers (Fig. 1). 
Nous avons utilisé cette méthode mais 
nous l’avons abandonnée non sans avoir 
au préalable essayé d’éviter Phydrolyse du 
glucose en ajoutant a chaud au mélange 
gélatine + glucose d’abord la soude, puis 
Pacide chloraurique. Les colloides ainsi 
obtenus sont trés stables mais leur pH est 


Nombre de particules 
b 


200 400 600 800 10001200 
Diamétre des particules A 


Fic. 1. 


relativement acide et les grains sont irré- 
guliers. 

Dans la méthode que nous avons mise 
au point, le colloide radioactif est préparé 
en utilisant les propriétés réductrices de 
la gélatine elle-méme (groupes aminés, 
guanidines) et en ensemengant a l’aide 
dune petite quantité de colloide préformé 
dont les particules deviennent des centres 
de cristallisation. 

Le germe utilisé est préparé par ré- 
duction au glucose selon une méthode qui 
aboutit a la formation de particules petites 
et réguliéres (50 A). La vérification de leur 
dimension au _ microscope électronique 
permet d’éliminer les préparations dé- 
fectueuses, et donne ainsi une garantie 
pour la régularité des colloides formés a 
partir de ces germes. 

La méthode de formation du colloide 
par introduction d’un germe présente un 
autre avantage que la _ répartition ré- 
guliére des particules: celui d’éliminer tous 
les produits d’hydrolyse ou de réduction, 
dangereux soit par leur toxicité, soit parce 
quwils provoquent un abaissement du pH. 
Les produits d’oxydation de la gélatine sont 
en effet connus comme non toxiques, et 
il n’y a guére que ses groupes amides qui 
puissent s’hydrolyser partiellement. On 
évite ce dernier inconvénient en intro- 
duisant du chloraurate de sodium au lieu 
d’acide chloraurique dans le mélange ré- 
ducteur. La variation de pH est alors 
faible, si lon prend soin d’ajouter plus 
de deux fois la quantité de goude nécessaire 
a la formation du chloraurate. L’or est 
présent a l’état d’acide hydroxyaurique“? et 
le pH ne dépasse pas 8. 

Cette neutralisation préalable présente 
quelques conséquences heureuses: la ré- 
duction, qui provoque habituellement un 
abaissement de pH par libération d’acide 
chlorhydrique, s’effectue ainsi sans des- 
cendre en dessous de pH = 3,5. Si lon 
atteint pH = 1, la gélatine peut coaguler. 
D’autre part, les anions hydroxyauriques 
adsorbés sur les particules  stabilisent le 
colloide™ et, enfin, absence d’ions H+ 
favorise la stabilité pour la méme raison, 
le pH restant entre 8 et 3,5. 
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METHODE DE PREPARATION 


Préparation du germe 


On place dans un ballon le mélange 
réducteur suivant (correspondant a 300 mg 
dor): (1) 16,8 g de glucose dissous dans 
30 ml d’eau distillée; (2) 12 ml de gélatine 
a 20%. Ce mélange est chauffé lentement 
jusqu’a début d’ébullition. 

Pendant ce temps, on introduit dans un 
évaporateur chauffé au bain-marie les 300 
mg d’or avec 3 ml d‘eau régale. Quand 
la dissolution est terminée, on fait le vide 
dans |’ évaporateur en maintenant une entrée 
d’air par un capillaire plongeant dans 
Peau régale (un vide de 100 mm Hg donne 
de bons résultats). L’évaporation doit 
étre trés rapide (3 minutes), et quand 
Vacide chloraurique cristallise, on coupe 
le vide et le chauffage. Si l’opération se 
prolonge, ov si le vide est trés poussé, 
lacide chloraurique peut se décomposer. 
On le dissout rapidement dans 30 ml 
d’eau distillée en agitant la solution par 
barbotage d’air. 


Le mélange réducteur est alors a 90°C 
environ. On arréte son chauffage et ajoute 
3 ml de soude 5N en agitant constamment, 
puis, dix minutes apres, l’acide chloraurique, 


toujours avec agitation. L’évaporateur 
est rincé avec 10 ml d’eau distillée qui 
sont également ajoutés. 


Le colloide ainsi formé est stérilisé a 
130°C pendant 30 minutes. I] peut étre 
conservé pendant un mois, en flacons 
stérilisés. 


Colloide radioactif 


On transforme 300 mg d’or en acide 
chloraurique comme précédemment. Aprés 
dissolution dans 30 ml d’eau_ distillée 
on ajoute 7 ml de soude N. Le mélange 
réducteur est composé de la maniére 
suivante: (1) 12 ml de gélatine 20%; 
(2) 0,5 ml de germe; (3) 26 ml d’eau 
distillée. Cette solution est portée lentement 
a 70°C en agitant constamment. 

On ajoute alors la solution de chloraurate 
de sodium goutte a goutte et en continuant 
agitation, la température étant maintenue 
a 70°C. L’addition doit durer une vingtaine 
de minutes. On rince l’évaporateur avec 
10 ml d’eau distillée auxquels on ajoute 
1 ml de soude N. Le volume total de la 
solution colloidale est 86 ml pour 300 mg 
dor. Le colloide est rouge-violet et posséde 
les caractéristiques suivantes: (1) con- 
centration en or: 3,5 mg/ml; (2) concen- 
tration en gélatine: 3%; (3) concentration 
en glucose (ouses produits de décomposition) : 
0,1%; (4) pH 6; (5) taille des micelles: 
300 +. 100 


DISCUSSION 


Les figures 2 et 3 représentent des photo- 
graphies prises au microscope électronique 
de deux colloides d’or préparés le premier 
par réduction en une seule étape, le deux- 
iéme par la méthode du germe. On 
remarque la bonne homogénéité du deux- 
iéme, confirmée par la courbe de ré- 
partition d’un colloide de ce type (Fig. 4). 
La grosseur moyenne est toujours 300 A, 
et la courbe de répartition du nombre de 
particules en fonction de leur volume 
(Fig. 4) indique que 98° de lor radioactif 
est présent sous forme de particules dont 
le diamétre est supérieur a 200 Ces 
chiffres sont reproductibles d’une opération 
a lautre. Le pH obtenu est de 6 + 0,3, 
et des essais prolongés de dialyse n’ont pas 


réussi a mettre en évidence la présence 
d’anions auriques libres. 

La stabilité des colloides a été déterminée 
par examen au microscope électronique 
aprés un mois. Au bout de cette période, 
on observe une agglomeration partielle 
(Fig. 5), mais il n’y a aucun dépot visible 
a loeil. Le colloide reste d’ailleurs un mois 
de plus et parfois davantage sans coaguler. 
Cette stabilité est due en grande partie, 
comme on le sait, a la gélatine: sa présence 
est d’ailleurs nécessaire a cause du chlorure 
de sodium qui provoquerait immédiatement 
la floculation. Elle joue également un 
autre role: en faisant varier les proportions 
du germe et de sel d’or, nous avons essayé 
d’obtenir des micelles de dimensions 
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Fic. 4. Courbes de répartition des particules 
d’Au colloidal 198. 


supérieures 4 300 A. Nous n’y sommes 
pas parvenus, le rdle protecteur de la 
gélatine empéchant un grossissement 
prolongé.‘® 

On aurait pu craindre que la radioactivité 


importante des sels (30 mc par ml) 
soit un facteur d’instabilité. Il n’en est 
rien, la formation certaine d’eau oxygénée 
n’apportant, elle non plus, aucune modifi- 
cation. 
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Measurement of Thyroid Clearance of 
Plasma Iodide 


THE EFFECT OF EXPANSION OF THE IODIDE SPACE* 
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MARSHALL BRUCER, and WARREN GLASERT 
Medical Division, Oak Ridge Institute of Nuclear Studies, Oak Ridge, Tennessee 


(Received 25 March 1957) 


A procedure for the measurement of thyroid clearance during the first hour after iodine-131 
administration is described. The behavior of iodine-131 in the extrathyroid tissues of the neck 
is considered and the effect of changing distribution is taken into account in the calculation 
of uptake of iodine-131 by the thyroid. It is shown that the extrathyroid iodide space of distri- 
bution is approximately 1 |. at 2 min, 1-27 1. at 30 min, and 1-31 1. at 60 min after intravenous 
injection of iodine-131. About one third of this volume is intravascular and the rate of expansion 
of the iodide space of distribution is similar to the rate of expansion of the sodium ion space of 
distribution. Equations that make a correction for this changing ‘‘neck background”’ are 
derived and the calculation of thyroid plasma iodide clearance is illustrated. 


MESURE DE LA FIXATION PAR LA THYROIDE DE L’7IODURE DU PLASMA 
L’effet de l’expansion du domaine d’iodure 


On décrit un procédé de mesure de la fixation par la thyroide pendant la premiére heure qui 
suit l’administration d’iode-131. On examine le comportement de liodie-131 dans les tissus 
extra-thyroidaux du cou et on tient compte de I’effet de variation de distribution dans le 
calcul de l’absorption de l’iode-131 par la thyroide. Om nontre que le domaine de distribution 
de l’iodure extrathyroidal aprés injection intraveineuse d’iode-131 est d’environ | 1. aprés 2 
min, 1,27 1. aprés 30 min et 1,31 1. aprés 60 min. Le tiers environ de ce volume est intra- 
vasculaire et la vitesse d’expansion du domaine de distribution de l’iodure est semblable a la 
vitesse d’expansion du domaine de distribution de lion sodium. On établit les équations 
pour la correction relative a ce ‘fond continu du cou” variable et on donne un exemple de 
calcul de la fixation par la thyroide de l’iodure de plasma. 


M3MEPEHUE BbIJEJEHUA sKEJIE30MN 
Bananne MpocTpaHcTBa 


mepporo vaca moBefenue B TRAHAX 
BHEe COCTABAAeT 1 2 MUHYTHI, 1, 25 uepes 30 MMHYT 
u 1,31 a uepe3 60 MuHYT Tlocae BHYTpMBeHHOrO OKONO 1/3 sTOrTO OObeMA 
OTHOCHTCAH K B COCYaX M CKOPOCTh 
pabHa CKOPOCTH yBeNYeHHA HaTpuA. ypaBHeHUAl JIA BHeECeHUA 
nompaboK Ha M3MeHeHHe “(poHa TKaHeii Wen” pacueta 
W1a3sMbl 


* Under contract with the United States Atomic Energy Commission. 
+ Present address: Department of Medicine, State University of New York. 
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Measurement of thyroid clearance of plasma iodide 


INTRODUCTION 


Myanrt, Pocutn, and have empha- 
sized that thyroid plasma iodide clearance 
is the most sensitive and direct test of thyroid 
function. VANDERLAAN”) has suggested 
that the factor which limits the rate of 
hormone synthesis in hyperthyroid subjects 
is the rate at which iodide is concentrated 
from the plasma by the gland. It might be 
expected, therefore, that measurement of 
thyroid clearance would be the best I'*4 
diagnostic index of thyroid function. The 
procedure for determination of thyroid 
clearance described by Berson al.,‘) has 
a major limitation. It gives negative values 
in certain patients with low thyroid activity 
or with thyroids that are “blocked” with 
stable iodide or are surgically absent. A 
principal reason for the negative values is 
the assumption of a constant extrathyroid 


iodide space in the derivation of the equation 
for uptake of iodine. 

Oppte have shown that the extra- 
thyroid iodide ‘“‘space’’ in the neck is not 
constant and furthermore that it does not 
expand at the same rate as the total extra- 
thyroid iodide “‘space.”” These investigators 
have assumed a model for iodine meta- 
bolism and from this model have derived a 
modification of the Berson procedure that 
gives the thyroid and renal rate constants. 

We have attempted to modify the BERson 
procedure in such a way that the expansion 
of the extrathyroid iodide “‘space”’ is taken 
into account, measurement of urinary- 
excretion is not required, and no assumptions 
inherent in a model for iodine metabolism 
are necessary. The present report consti- 
tutes a preliminary account of the procedure. 


DERIVATION OF EQUATIONS 


Measurement of thyroid content of ['*4 


A carefully collimated detector positioned 
over the thyroid region of the neck will be 
activated to a degree that may be related 
to the amount of I'*! in the anatomical 
volume defined by the collimation system. 
If only primary ['*! y-rays are recorded and 
if the thyroid gland is included in this volume, 
the activity (J) indicated by the detector is a 
measure of the amount of I'3! contained in 
the thyroid gland (7') plus the [/*! in the 
extrathyroidal volume (ET7'V). 

That is: 


I=T+ETV (1) 


where J = uc I'*! indicated by the detector, 
T = uc [*! in thyroid gland, 
ETV = uc I" in extrathyroid volume. 


If the extrathyroidal volume is defined as a 
space, S,,, in liters, which contains [1*! at the 
concentration of the plasma (microcuries 


per liter), then: 

ETV = S, pl 
where pl = we plasma. 
Substituting (2) into (1): 

I=T+S,pl (3) 

Now, if it is assumed (BERsON ef al.°)) that 

at 2 min no significant amount of I'*! has 
been concentrated by the thyroid, then: 


(4) 


A later measurement, say at 60 min, would 
be: 


1, ply 


Teo Teo Pleo (5) 


Dividing (5) by (4), noting that J,/S,, pl, 
= 1, and solving for J’: 


pls 
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Tase |. The “‘iodide space of the neck,” (S,) in 

litres, as affected by the time of measurement after 

the administration of isotope and as determined 
with I181, Na*4, or 


if 
| 


Time after [331 


intravenously Rati 
Isotope | Patient y | 
Sne 


2min 30min | 60 min 


* 


| 
| 
| 
| 


| 


eA 
wooo 


+ 


NI 


| 
Average 


1-52 
1-46 


1-49 


rbe i 0-37 0-41 
0-45 0-45 | 
(10 min) | (20 min) 
0-37 
(10 min) 


* Patient with polycythemia vera. 
+ Simultaneous measurement with [?*! and Na* or 
[181 and Cr*! rbc. 


Since J5, Jg,, and the plasma ratio can be 
directly measured, the thyroid uptake over 
the 60 min could be calculated if the space 
ratio were known. Our measurements 
indicate that this is about 1-31 for 30 min and 
1-35 for 60 min (Table 1). 


The amount of I'*" presented to the thyroid 


Thyroid clearance is the volume of plasma 
per minute which would have to becompletely 


cleared of iodide to supply the amount 
concentrated in the thyroid. Therefore, it is 
necessary to know the activity carried by the 
plasma during the clearance period in order 
to calculate clearance from thyroid uptake. 

By plotting the plasma I'*! iodide con- 
centration against time, for the interval of 
study, and determining the area under this 
curve, the total amount of I'*! carried to the 
thyroid by each liter of plasma is obtained. 
This area may be measured planimetrically 
and will have the units microcurie-minutes 
per liter (i.e. microcuries perliter x minutes). 


Calculation of thyroid clearance 


If the amount of radioiodine concentrated 
in the thyroid in 60 min (as calculated by 
equation 6), is divided by the area under 
the 60/min plasma I?*! concentration curve, 
the thyroid clearance is obtained as is 
indicated by the equation: 


(7) 


Where A = area under the 60 min plasma 
concentration curve and C’, is the plasma 
clearance in liters per minute. 

It is more convenient to express thyroid 
clearance in milliliters per minute. The 
equation for the 60 min thyroid clearance is 
therefore: 


60 min thyroid 
Thyroid clearance _ uptake factor to 
in ml /min . Amount I!*! carried “ change liters 
to thyroid by each to ml 
liter of plasma over 
the 60 min period. 


T 60 
Cre. = Aso 


EXPERIMENTAL 


Plasma was assayed for total [#1 content by the usual 
techniques in a well-type scintillation counter. When 
Na*4 or was present in addition to the 
counting system included a single-channel analyzer 
to make differential counting possible. 

Blood samples were obtained routinely at 5, 10, 15, 
30, and 60 min after administration of I381, An acti- 
vity curve was drawn of the assay data from these 


samples and extrapolated to zero time. In addition, 
in four patients, arterial samples were taken at 2, 4, 
and 6 min intervals after the dose. This was done to 
indicate how the extrapolation of the venous curve 
to zero time should be done. Since the blood [#1 
concentration is rapidly changing, the extrapolation 
of the venous curve from 5 min to zero time is some- 
what arbitrary. 


| 
Nao™ | get | 1-08 | | 1-49 | 1-38 
h | 1-48 1-30 
| mm | 149 VOL. 
60 
| 
| or: 
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The venous and arterial plasma I?*! curves become 
identical after about 5 min. ‘fore this time mixing 
is incomplete and venous samples are lower than 
arterial. Since the clearance is related to the arterial 
content of I)%!, the extrapolation for this purpose 
should indicate the arterial level. 

1131 and Na*4 were given intravenously as Nal* 
and Na*Cl respectively, in doses suitable for external 
measurements and plasma assay. In the patients 
given Cr*! a standard procedure for tagging the red 
blood cells was used. 

The external counting was performed with a 
Francis, BELL, and Harris‘) flat field scintillation 
crystal detector feeding a 20-channel analyzer-scaler. 
This equipment permitted double isotope experiments 
(131 and Cr®! rbc and and Na*4) and also per- 
mitted I/3! uptake measurements based upon primary 
y-rays only. 


Results and discussion 


It is necessary to know the S,,,/S,,, ratio 
in order to calculate thyroidal iodine uptake 
from equation (6). In Table | the measure- 
ments of the extra thyroidal volume (S,,) are 
listed as determined in patients with Na I 1”? 
“block” a, b, radioiodine myxedema e, or 
surgical thyroidectomy c, d, f, g, i. Absolute 
proof of complete absence of thyroid tissue is 
difficult, but the patients ¢ through 7 in 
Table 1 all required desiccated thyroid. 
Scintiscan records of patient c, d, f,; and g 
showed no areas of I'*! concentration in 
the neck. Despite the negative Scintiscan 
on patient g, and in patient 7, external 
measurement at 24 hr indicated questionable 
uptake of I/81, The behaviour of the Na? 
space was similar to the I1%! space in patient 
g, which suggests that [%! was not 
specifically concentrated in the neck 
tissues. 

The increase in S,, with time is evident and 
the ratio S,,,,/S,,. is 1:31 and of S,,,/S,, is 
1-35. With sodium-24, a somewhat larger 
value for the neck space is obtained (1-11 
compared with 0-97 for I). This can be 
accounted for by the fact that the collimation 
is not so good for the higher energy of sodium 
and hence the field is not so sharply limited. 
Nevertheless, the sodium ratios (S,,,/S,. = 
1:34; S,,,,/S;, = 1:34) are nearly identical 
with the ratios. 

The volume measured when the isotope 


is Cr®! (as Cr*! labeled rbc) is about 0-4 1. 
and is constant for at least | hr. 
It is clear that, for [!*1, S, is a volume in 


_the neck, exclusive of the thyroid acinar 


tissue, which is approximately | 1. at 2 min 
and which expands in 30 min to 1-27 |. and 
in 60 min to 1-31 1. In two patients this space 
was 1-5 and 1-61. at 24 hr. The Cr*! measure- 
ments demonstrate that about one-third 
of this volume is circulating blood and, 
finally, the whole volume is similar in size 
and time expansion to the ‘sodium space” 
defined by the collimator. These charac- 
teristics of §, may not be valid for other 
collimation systems. 

From the S, values in Table 1, it is also 
possible to calculate thyroidal uptake directly 
from equation (5), with the use of 1-31 for 

ingot would require only the 60-min 

plasma assay for the calculation of 7'4,. One 
might expect, however, that the assumption 
of a value for S, for all patients might be 
more likely to be in error than a ratio that 
probably depends mainly upon the rate of 
diffusion of iodine through interstitial 
fluid. 

In Table 2 we have compared some 
clearance rates calculated by these equations 
with calculations based upon BeErson’s 
equation for thyroid uptake. The results 
show that the negative values for thyroid 
clearance have been eliminated by taking 
into account the fact that the neck space is 
not constant during the first hour after ['*! 
administration. 


Table 2. Comparison of thyroid clearance 
calculations 


Thyroid clearance in ml/min 
Using equation Using Brerson’s 
(6) | equation 


Thyroid status 


Hyperthyroid | 265 260 
Hyperthyroid 145 133 
Hyperthyroid 

I”? treatment 39 

I??? treatment | 12 

I”? treatment 5 
Hyperthyroid 

treatment 
Hypothyroid 0 
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SUMMARY 

of the neck.”’ This “‘space’”’ has been defined 
by measurements made on patients in whom 
I'31 and Cr®! red blood corpuscles or in whom 
1/31 and Na* were simultaneously present. 


A method for measurement of thyroid 
clearance that does not require the collection 
of a urine specimen but does require several 
blood samples has been described. 

The method takes into account the 
expansion of the “extrathyroidal iodide space 


The rate of expansion of the I78! and Na*4 


‘‘space’’ was found to be the same. 
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A Graphical Absolute Method for Range 
Determination of e-Particles 
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A graphical method for range determination of /-particles is described. No comparative 
isotope is used in its application. 
Le The absorption curve is plotted against a straight line. A transformed curve, obtained 
y in this way, enables us to deduce the desired range, by a graphical extrapolation over the 
unknown region of the absorption curve. 


UNE METHODE GRAPHIQUE ABSOLUE DE DETERMINATION 
DU PARCOURS MOYEN DES PARTICULES £ 


On décrit une méthode graphique de détermination du parcours moyen des particules /. 
Cette méthode ne nécessite pas l’emploi d’isotope de comparaison. 

On construit la courbe d’absorption qui est projetée sur une certaine droite. La courbe 
transformée ainsi obtenue permet de calculer le parcours recherché, par extrapolation 
graphique de la partie inconnue de la courbe d’absorption. 


EINE GRAPHISCHE ABSOLUTE METHODE ZUR BESTIMMUNG 
VON f-REICHWEITEN 


Es wird eine graphische Methode zur Bestimmung der Reichweite von /-Strahlern be- 
schrieben, welche ohne Vergleich mit einem f-Strahler bekannter Reichweite durchgefiihrt 


werden kann. 

Die gemessene Absorptionskurve wird in bestimmter Weise transformiert. Die so erhaltene 
neue Kruve gestattet durch graphische Extrapolation iiber den unbekannten teil der 
Absorptionskurve die Bestimmung der gewiinschten Reichweite. 


1. INTRODUCTION 


Besipes its own intrinsic value, determi- 
nations of maximum energy of f-particles and 
conversion electrons by absorption tech- 
niques have an immediate practical interest 
for the identification of radionuclides, in 
addition to other data. HALiLpEN”) pub- 
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lished a chart in which radionuclides were 
classified according to their half-lives and 
their maximum /-energies. 

Background interferences such as y-radia- 
tions, Bremsstrahlung and natural back- 
ground, very often give rise to such difficulties 
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that it is nearly impossible to obtain the f 
range directly, by extrapolating the absorp- 
tion curve. Furthermore, the form of this 
curve depends on various factors, such as 
geometrical arrangement of the counting 
system, the maximum energy of /-particles, 
the atomic number of the absorber and the 
degree of “‘forbiddenness”’ of the transition, 
all of which make it sometimes difficult to 
employ comparative methods. 

In FEATHER’s method.?) it is frequently 
necessary to extrapolate lines with pro- 
nounced curvature, the forms of which de- 
pend strongly on geometrical counting 
conditions for the isotope as compared with 
the standard. 

In a method recently proposed by HARLEY 
and HaLupEeNn,”) we discovered difficulties 
in application, for we could not reproduce 
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the straight lines which were claimed by the 
authors, owing possibly, to our different 
geometrical counting conditions. 

The loss of the final part of the absorption 
curve, when dealing with radionuclides more 
energetic than the standard isotope, seems 
to be one of the weaker points of this method. 

In view of all the disadvantages in the 
comparative methods, we tried to find an 
available process in which range deter- 
minations should not depend on comparison 
with any other radionuclide. Since in such 
an absolute method a fixed geometry is no 
longer essential, it can be changed in order 
to obtain the best form for the absorption 
curve. This will be important for the 
accuracy of our method in each particular 
case, and also for the analysis of a complex 
spectrum into its components. 


2. DESCRIPTION OF THE METHOD 


A simple absorption curve is plotted, using 
semi-logarithmic co-ordinates (Fig. 1), after 
subtracting normal backgrounds. 

A straight line AB is now drawn so that 
the absorption curve falls completely between 
it and the ordinate axis. The absorption 
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curve is projected onto AB with horizontal 
lines as shown in Fig. 1. 

Now to every point on the absorption 
curve there correspond an absorber thickness 
(as measured on the abcissa in mg/cm?) and 
a projected length AL along the line AB, 
which is itself a measure of percentage trans- 
mission of radiations. 

The absorber thickness, in mg/cm? is next 
plotted against the corresponding projected 
length AL, in arbitrary units, using log-log 
co-ordinates, as in Fig. 2. The curve thus 
obtained has small curvature and can 
be extrapolated easily to projected lengths 
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corresponding to any desired percentage 
transmission. 

In practice the maximum range to which 
B-particles can penetrate is not sharply 
defined, depending as it does upon collision 
phenomena of a random nature. It is there- 
fore taken as the thickness of absorber 
required to reduce the transmitted radiation 
to an arbitrary proportion of the incident 
radiation. We have adopted the level at 
which this proportion is 0-01 per cent to 
define the maximum range. This brings our 


results into good agreement with other pub- 
lished data, ‘ although we shall presently 
show that the level adopted is not very 
critical. 

Referring now to Fig. 1, the projected 
length corresponding to the maximum range 
is now the length AB to the point where the 
straight line reaches the 0-01 per cent 
ordinate. In Fig. 2 the level EF corresponds 
to this length and extrapolation of the curve 
to this level shows the corresponding maxi- 
mum range. 


3. EXPERIMENTAL RESULTS 


By using log-log co-ordinates for extra- 
polating the thickness-length curves, for 
f-emitters with a wide range of maximum 
energies, we obtained small curvatures in all 
tests (Fig. 3). The direction of curvature 
was always the same and good extrapolations 
were obtained. 

In Table 1, the results of these tests are 
compared with those using FEATHER’s 
method and with the ranges obtained from 
GLENDENIN’s curve using the maximum 
f-particle energies reported by HOLLANDER, 
PERLMAN, and SEABORG.") 

An attempt was also made to compare the 
present method with that of HARLEY and 
HA.ipEN™) but the straight lines reported 
by these workers were not obtained, either 
with P%*, RaE, or UX, as standard isotopes. 

As stated above, we have extrapolated to 
the level 0-01 per cent of the incident radia- 
tions to obtain the range. Table 2 shows 


TABLE | 


Range 


Radio- 
nuclide Authors’ | FEATHER’s 
method method 


(mg/cm?) (mg/cm?) 


80 + 2 
180 + 5 
200 + 5 


460 + 15 
780 + 10 
1050 + 20 | 1070 + 60 
1150 + 20 | 1100 + 50 
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. 3. Thickness-length curves for various beta emitters 
(see Table 1). 


that the difference in extrapolating to 0-1 
per cent is small. Ranges given by GLEn- 
DENIN’S curve are quoted for comparison and 
deviations of our method from GLENDENIN’s 
ranges for both extrapolations are shown. 


TABLE 2 


Deviations 


Range (mg/cm?) per cent 


| | Extra- | Extra- | Extra-  Extra- 
Radio- | GtEn- | polation | polation | polation | polation 
nuclide} PEN | to0-01 | t00-01 | to 
| = | per cent | per cent | per cent | per cent 
| | | 


82 +12 
175 | | +1-2 
205 | | 00 | —2-4 
475 | —21 | —41 
790 | 00 | —1-3 
1050 | 00 
1150 | | +18 | —0-9 


7 
AT. 
50 
OL. | 
2 
10 
10 
| | 
Co 0-306 81 82 +2 _| 
Sr% 0-537 173 175 +2 
p31 0-608 205 205 +5 
(80%) 205 
RaE 1:17 485 
yoo 2-18 1050 | 
ox, | 1130 
(98%) | 2 | 
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4. CONCLUSIONS 


The most important feature of our present 
method is the fact that comparison with a 
standard is unnecessary. Indeed, as is well 
known, the use of comparative methods is 
largely invalidated when the absorption 
curves differ greatly in their characteristics. 

An additional advantage is that the rela- 
tive positions of the counter, absorber and 
sample are no longer fixed: the geometry 
can be adjusted to obtain the most con- 
venient form of absorption curve. This is 
sometimes important for resolving a complex 
spectrum into its 6-components. The method 
can then be applied separately to each 


component. The accuracy of the method 
can be improved for particular nuclides by 
choosing the most suitable geometry to 
facilitate extrapolation of the thickness- 
length curve. 

It can be inferred from Table 2 that the 
level of transmitted radiation chosen to 
determine the range is not critical below 0-1 
per cent so that the arbitrary choice of 0-01 
per cent is justified. 

We have obtained better results with the 
method described than with that of FEATHER. 
It is also quicker in its application. 
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A 280 Aperture Focused Collimator: RALPH 
Apams, College of Medical Evangelists, 
Los Angeles, Calif. 


For several years scintillation counters 
with a single collimator providing narrow 
angle geometry have been employed for 
body scanning, particularly of the thyroid 
gland following administration of I!*!. More 
recently Francis, Bett, and Harris have 
designed a 19 aperture focused collimator 
for use with a 2 in. diameter crystal and a 
medical spectrometer for body scanning. 
Although this instrument does not offer 
improved resolution over many of the older 
single apertures, the required dose to the 
patient is reduced by something like a factor 
of 10. 

We have been dissatisfied with resolution 
available in our thyroid scintigrams and have 
developed an instrument with which it is 
hoped thyroid detail may be improved. The 
design and method of construction of the 
collimator was suggested by Dr. R. R. 
NeEwE.L. The collimator is built up of 19 
cast lead alloy plates, each provided with 
tapered grooves. When assembled the 
collimator presents to a 3 in. diameter 
crystal approximately 280 square tapered 
apertures, each aligned toward a point in 
space. The diameter of the scanning beam 
is approximately 5 mm. 

Scintigrams of models and of patients 
made with conventional collimators and with 
the fine detail of this collimator are shown 
for comparison. 


4a 


Photoscanning. A Preliminary Report of a 
Simplified Graphic Method for the in vivo 
Pre-Operative Localization and Record- 
ing of Brain Tumors: HERBERT C. ALLEN, 
Jr., M.D., Methodist Hospital, Texas 
Medical Center, Houston, Texas. 


A new method of detecting gamma- 
emitting isotopes that concentrate in space 
occupying lesions in the brain as well as a 
new method of recording the results will be 
presented. Intracranial tumors which con- 
centrate RISA in ratios of 1-5 to | of that of 
normal brain tissue have been detected. 
Results of this method will be correlated 
with the clinical findings, EEG, arterio- 
grams and pneumography. 


Localization of Spinal Fluid Fistula (Spinal 
Rhinorrhea): F. K. Bauer, F. H. Linrut- 
cum, and P. B. THomas, Hospital of 
the Good Samaritan and University of 
Southern California School of Medicine. 


Leaks of spinal fluid into the nasopharynx 
usually follow head injuries, operations on 
the head or ear, and infections and neoplasms 
causing erosion of bone and dura mater. 
Because such fistulae open the path to 
bacterial invaders it is generally agreed that 
surgical repair is essential. Localization of 
the fistula can be easily accomplished by a 
technique which employs a_ radioactive 
tracer injected into the subarachnoid space, 
either by cisternal puncture or by lumbar 
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puncture, and the demonstration of radio- 
active spinal fluid escaping into the nose or 
nasopharynx. 

Crow, Kreocu, and in Eng- 
land, employed (Na*), a gamma emitter of 
short half-life (15 hr), which they injected into 
the cisterna magna. The authors used radio- 
iodinated human serum albumin (RISA), as 
used for myelography, which they injected 
into the lumbar area. Both substances in 
their non-radioactive state are normal 
constituents of human spinal fluid and are 
promptly removed into the systemic 
circulation. The advantage of Na** is its 
short half-life, which permits the use of 
larger doses. The advantage of RISA is the 
fact that it is removed from the subarach- 
noid space within 24 hr and therefore spinal 
fluid escaping through a leak can be tested 
periodically within that time following 
lumbar intrathecal injection. 

Two hundred we of RISA are injected 
into the subarachnoid space by lumbar 
puncture. It takes three hours or more 
before RISA reaches the base of the skull. 
Cotton plugs of uniform size are inserted into 
the superior and middle meatus between 
the turbinates under local anesthesia 3, 
6 and 24 hr after the lumbar puncture. They 
are left in place for about 30 min after which 
time they are placed into deep-well scintil- 
lation counter test tubes and counted. 
The background count of the plugs is an 
index of mucous secretion into the nose. It 
is compared with the radioactivity of a blood 
sample taken at the same time. Since spinal 
fluid may drip on several cotton plugs this 
background determination is essential. 

The cotton plug near the spinal fluid 
fistula will have from 5-10 times more radio- 
activity than the rest of the plugs. 


Photoscanning. A Clinical Report on Tumor 
Localization: M. A. BENpER, M.D. 


In previous reports?) we have described 
a scanning device which provides maximum 
contrast to facilitate the detection of minimal 
differences in radioactivity between target and 
non-target tissues. This instrument provides 
good definition with small dosages and an 


absence of background fogging without 
loss of significant data. 

The original version of the photoscanning 
device described above had a detecting 
element consisting of a 1 x | in. Nal (Th.) 
crystal with cylindrical collimation. The 
apparatus has since been equipped with a 
3-in. focusing collimator as described by 
Francis et al.) This addition has improved 
definition even further and in fact is compar- 
able to that obtained by positron scanning 
as described by BRowNELL and Sweet.) 

A significant clinical series supports the 
initial impression that this instrument is 
capable of detecting a wide variety of intra- 
cranial neoplasms at considerable depths 
within the cranial vault. To date, twenty- 
one lesions, ranging from glioblastoma multi- 
forma to acoustic neuroma have been 
correctly localized using RISA as the locali- 
zing agent. In addition, liver metastases of 
comparable dimension appear to be equally 
detectable using Rose Bengal (I!) to 
delineate the normal hepatic tissues. 
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Photographic versus Autoradiographic 
Portrayal of Dental Structure: JULIAN D. 
Boyp, M.D. 


Soft beta emitters have been used as a tool 
for the study of structure of teeth, and for the 
estimation of qualitative and quantitative 
capacity for radioisotope imbibition in vitro. 
The presentation deals with the character- 
istics of autoradiograms made from the 
polished surface of half teeth after immetsion 
respectively in solutions of S$, Ca*®, Ni®, 
Te®® and Comparison is offered 
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between the photograph and the autoradio- 
gram, to present findings in unerupted versus 
erupted teeth from individuals of progressive 
age, in teeth which are caries free and in others 
which show active and arrested caries of 
different degrees of advance. Autoradiograms 
using different soft beta emitters for the two 
halves of the tooth are shown. The study 
offers information as to the manner in which 
the tooth may react to check the progression of 
caries, and also permits distinction between 
radioisotope uptake through ion exchange 
as contrasted with that dependent on the 
filling of internal space. 


Performance Characteristics of Cross Grid 
Tungsten Strip Collimators and some 
Results Obtained with a Simplified 
Photoscanning System: BENEDICT CASSEN, 
Los Angeles, Calif. 


In order to obtain optimum collimation 
conditions for a specific medical scanning 
problem, collimators were designed and 
constructed from crossed grids of tungsten 
strips. The spacing, wall thickness, focal 
distance of convergence, and other geomet- 
rical parameters can be easily varied, 
enabling optimum settings to be quickly 
obtained. This is in contrast to previous 
methods of casting lead in a predetermined 
mold. Characteristics of resolution and 
sensitivity have been obtained which appear 
to greatly surpass anything previously 
reported. Results obtained by their use with 
a simplified photoscanning will be presented. 
In this system X-ray film with its high 
density range of four is used inside a light- 
tight cassettee designed so that a 28 V 
aircraft lamp assembly scans the X-ray film 
inside the cassette. The coupling to the 
scanner arm is accomplished by means of 
permanent magnets. 


Injection Method for Cardiac Output. 
Effect of Recirculation on the Shape of 
the Curve: Mirron G. Crane, M.D., 
Joun E. Horttoway, M.D., CHARLEs 
Sears, M.D., JAMes McEacuen, M.D., 
and Ratpw Apams, College of Medical 
Evangelists, Los Angeles, Calif. 


The shape of the injection curve as 
obtained on sampling at the brachial artery 
following an injection of radio-iodinated 
serum albumin (RISA) was studied by a new 
method. Using a double lumen catheter 
with orifices 11 cm apart RISA was injected 
through the distal orifice and sampling was 
made from the proximal orifice of the catheter 
and from a brachial artery simultaneously. 
Injection and sampling was made only in the 
main pulmonary artery in those patients 
without shunts. Injection and sampling was 
made at the main pulmonary artery, right 
ventricle, and right auricle successively 
in patients with shunts. The blood samples 
were drawn through tubing looped into well 
crystals using a separate well crystal-scaler 
arrangement for the arterial and catheter 
sample. ‘The concentration of RISA was 
recorded on two channels of a recording 
oscillograph by the pip interval method, and 
appropriate corrections were made for the 
time required for the blood to traverse from 
the point of sampling to the well crystal. The 
constant of proportionality between the two 
geometries was determined, and the counting 
rate of the catheter specimen was corrected 
so that the two curves could be compared 
directly when graphed. 

In five patients without shunts the down- 
slope of the arterial tracing was shown to be 
unaffected by recirculation at least to within 
two seconds of the point where departure from 
exponential decay was detected. The RISA 
first appeared at the catheter sampling 
orifice from 2-10 sec after the time of 
appearance at the brachial artery. 

In four patients with shunts (three with 
left-to-right and one with a right-to-left) 
the appearance of the RISA in the catheter 
sample was always 1-3 sec before the appear- 
ance of the material at the brachial artery 
when the catheter sampling orifice was 
beyond the shunt. Also the downslope por- 
tion of the arterial tracing demonstrated 
early recirculation. On the patient who had a 
right-to-left shunt virtually identical arterial 
curves were obtained in two studies 10 
months apart with injections in the right 
ventricle and pulmonary artery respectively 
on both occasions. 
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The method promises to afford a means to 
detect and localize intracardiac shunts 
whether left-to-right or right-to-left by 
appropriate choice of injection and sampling 
sites. 


Radioactive Strontium Poisoning: R. Lowry 
Dosson, M.D., Ph.D., University of Cali- 
fornia, Berkeley, Calif. 


Of all the radioactive products of uranium 
fission, Sr®°, which is produced in high yield, 
is the most important with regard to toxicity 
because of its affinity for the skeleton and its 
relatively long half-life. Like other radio- 
active bone seekers, it irradiates the bone 
tissue itself and the adjacent marrow. High 
toxicity results from the carcinogenic action 
of small amounts fixed in the skeleton. 

While two or three accidental exposures 
have been described, and a limited amount of 
experimental data on humans has _ been 
obtained, extremely little quantitative infor- 
mation is available on the effects of radio- 
strontium on man, its metabolism, and 
excretion rates. There is great need for 
information of this type, and for effective 
treatment aimed at removal of strontium 
from the body. The potential hazard of 
large amounts of Sr®° and the growing magni- 
tude of the problem impart urgency to 
investigations of strontium metabolism and 
exploration of therapeutic possibilities. 

Observations were made on a patient 
accidently exposed to Sr9°. The exposure 
occurred in a laboratory when a source 
containing 5 mc of strontium chloride broke. 
External counting and decontamination 
were done promptly. The patient was treated 
by gastric lavage, magnesium sulfate purge, 
and intravenous calcium gluconate. Assay 
of the first urine sample, and of the liquid 
stool passed, showed that radioactivity had 
gained access not only to the gut but to the 
blood stream. Relative levels in the urine 
and feces indicated the possibility of both 
inhalation and ingestion exposure. ‘The 
patient was put on a high calcium high 
oxalate diet, and on a routine of inactive 
strontium chloride by mouth and calcium 


gluconate intravenously. He was given a 
period of bed rest to encourage skeletal 
decalcification. All urine and stools were 
collected, and the excretion pattern studied. 
Observations were made on the effectiveness 
of these therapeutic measures. An appraisal 
of these results and review of other data 
provide the basis of recommendations for 
treatment. 


A Dual Vitamin B,, Plasma Absorption 
Mechanism: ALFRED DosCHERHOLMEN, 
M.D., and Paut S. Hacen, M.D., 
Veterans Administration Hospital and 
University of Minnesota Medical School, 
Minneapolis, Minnesota. 


Plasma vitamin B,, absorption curves have 
been obtained by a radiometric technique in 
patients with pernicious anemia with and 
without intrinsic factor as well as in control 
subjects after the administration of oral test 
doses ranging from 0:56 ug to 500 ug radio- 
active vitamin 

Patients with pernicious anemia were 
found to have no or negligible plasma 
absorption when oral test doses of 0-56 ug 
were administered alone. When intrinsic 
factor concentrate was added, absorption 
curves were obtained similar to those found 
in control subjects given test doses in the same 
range. They were characterized by no 
plasma radioactivity during the first four 
hours of the test and a peak concentration in 
the 8-12 hr interval. 

Oral test doses of 50-300 wg vitamin B,, 
given alone to patients with pernicious 
anemia resulted in completely different 
absorption curves. They were characterized 
by an early rise in plasma radioactivity and 
peak concentrations usually 3—6 hr after the 
test. This type of plasma absorption of 
vitamin B,, appears to be independent of 
intrinsic factor. The addition of this factor 
abolished the early rise in plasma concen- 
tration and resulted in a peak concentration 
at 12 hr. Although intrinsic factor concen- 
trate inhibited the plasma absorption not 
mediated through this factor, it enhanced 
hepatic uptake of radioacitvity. 
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Control subjects given test doses of 200- 
500 wg vitamin B, revealed a slightly 
diphasic plasma absorption curve with an 
early rise in the radioactivity. A test dose of 
10 wg gave a curve similar to those observed 
with test doses of 0-56 ug, while doses of 50— 
100 ug revealed intermediate curves. 

The dual vitamin B,, plasma absorption 
mechanism lends support to the hypo- 
thesis of two distinct gastrointestinal modes 
for the absorption of this vitamin. 


Collimators for the Localization of Brain 
Tumors: J. E. Francis and P. R. BELL, 
Oak Ridge National Laboratory, Oak 
Ridge, Tennessee. 


The gamma ray counting conditions 
under which a brain tumor may be localized 
are much less favorable than those encoun- 
tered when scanning a thyroid gland. In 
order to overcome these disadvantages 
several new focussing type collimators for 
scintillation counters have been designed. 

The difficulty in localizing a brain tumor 
is due to the low differential uptake of the 
tumor which results in having to locate a low 
activity source of undetermined size in the 
brain in the presence of a high activity 
source due to body background. In the case 
of RISA one is looking for a source of perhaps 
10-20 we of I'%! in the brain with a back- 
ground source of 200-400 wc in the body. 
Under these conditions the contribution to 
background due to the Compton effect in 
the scintillation crystal from the penetration 
of the 638 keV and 720 keV gamma rays of 
[331 through 1 in. of lead shielding can mask 
the effects due to a brain tumor. This is 
overcome by additional shielding. However 
to keep the weight of the collimator to a 
minimum, it is desirable to use a better 
shielding material than lead. In addition, to 
maintain both good resolution and high 
efficiency the thickness of the septa of a 
focussing collimator cannot be increased. 
Instead the septa must be made of the most 
efficient shielding material that is practical. 
Collimators made of a combination of mer- 
cury and gold give the best results. Con- 


struction details and performance of these 
collimators will be discussed. 


[31 for Treatment of Thyrotoxicosis 
Associated with Cardiac’ Failure: 
Henry E. Hamitton, M.D., Evmer L. 
DeGow1n, M.D., and H. B. Evxins, M.D., 
State University of Iowa Hospitals, Iowa 
City, Iowa. 


During the past 9 years we have observed 
over 900 patients treated with antithyroid 
drugs, iodine, operation or ['! as the single 
form of therapy. No deaths have been 
attributed to treatment. Production of 
“severe thyroid storm” has not been observed. 
However, occasionally transitory increase in 
metabolism without harmful sequel has been 
noted following I'*! therapy. 

With accumulated experience we have 
found that thyrotoxicosis associated with 
heart failure can be controlled safely, 
rapidly, definitively, with fewer complications 
and with less expense by the use of I?84. This 
isotope is given without prior use of anti- 
thyroid drugs or iodine. 

Cases will be presented to illustrate prob- 
lems of therapy in thyrocardiac patients 
representative of the most severely toxic 
patients we have studied. 

These data will show the clinical course of 
a toxic patient treated with I'*! progressing 
rapidly to myxedema, serial PBI and ESR 
following therapy with I?*!, complication and 
failure of therapy with antithyroid drugs 
with recovery following I'*! therapy, manage- 
ment of patients with [!*!, antithyroid drugs 
and iodine, and finally treatment of thyro- 
cardiac patients with I'*! alone. 

Conclusions. Radioiodine is a safe and 
most effective method for rapid and per- 
manent control of thyrotoxicosis associated 
with cardiac failure. Moderate doses of I!* 
avoid the danger of provoking a severe hyper- 
metabolic reaction. Additional treatment 
must be individualized. Supportive measures 
are equally important and include sedation, 
detailed attention to water and electrolyte 
balance, nutritional needs, use of diuretics 
and digitalis preparations, and rest. 
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Measurement of Errors in Blood Volume 
Determinations: CHARLEs J. HLap, JR. 
and Rose Tanz, General Rose Memorial 
Hospital and Veterans Administration 
Hospital, Denver, Colorado. 


A technique has been developed for blood 
volume determination which employs a B-D 
Cornwall constant delivery syringe and 
eliminates the use of a calibrated syringe. 
The procedure employed is simple, rapid 
and applicable to the use of either [*! 
human serum albumin (RISA) or T-1824 dye. 

The errors involved in the technique were 
investigated using RISA. Cornwall syringes 
in three sizes (2, 5, and 10 ml ) were checked 
for accuracy of constant delivery. Measure- 
ments were made for at least 3 different 
volume settings in each syringe. The maxi- 
mum error was associated with the minimum 
volume delivered (0-2 ml) and in 30 such 
deliveries the standard deviation did not 
exceed 1 per cent of the mean. Kimble 
patent lip vials (No. 60900) were used to 
contain the sample for radioactive assay in a 
scintillation well counter. In 60 vials selected 
at random, the standard deviation associated 
with possible geometrical variations was | 
per cent of the mean. Settling of red cells in 
the sample container may alter the geometry. 
This phenomenon was investigated over the 
full volume range of the container 5 ml) 
and for settling times extending up to 19 
hr. There was no detectable error introduced 
by red cell settling. Since the standard is in 
aqueous solution, differential scattering 
between blood and water was investigated 
over the volume range of the sample con- 
tainers. Although this error was measurable 
in the Jarger volumes, it was negligible below 
a2mlsample. The adsorption of albumin on 
glassware surfaces can cause a considerable 
error. Under ideal conditions for maximum 
adsorption the loss was found to be approxi- 
mately 10 per cent over the time range of the 
blood volume determination. This error 
was completely eliminated by the addition of 
small amounts of untagged stable serum 
albumin to the standard solution, or by using 
tap water as a diluent. The gross error of 
this technique is less than 5 per cent. 


Radiation Polymerization Dosimetry: 
FRANK E. Horcker, Ph.D. and Ivan 
W. Watkins, B.S., University of Kansas. 


A high energy radiation dosimeter based 
on the radiation polymerization of a liquid is 
suggested. The proposed dosimeter has been 
used to obtain data in investigation of factors 
affecting the conversion of a liquid to a gel or 
solid by the use of X-ray and gamma rays. 
The proposed dosimeter utilizes a gelatin 
capsule as the container for the dosimetric 
liquid. It is very cheap to produce, may be 
discarded after use, and may be read without 
auxiliary equipment by untrained personnel. 
Data obtained with this instrument indicate 
that for intensities between 500 and 2500 
r/min, the dose required for gelation is inde- 
pendent of dose rate. The data indicate that 
the gelation dose depends to some extent on 
the energy of the radiation and that gelation 
resulting from an intense dose of short 
duration is complete within 30 min after the 
dose is delivered. The particular dosimetric 
substance is stable over a long period in 
darkness and its response to radiation is 
not markedly dependent on temperature, 
although temperature effects have not been 
investigated over wide ranges. 


Heart and Pulmonary Blood Volume 
Measured by Body Surface Counting 
of Rex L. Hurr, DANIEL PARRISH, 
and Wayne Crockett, Veterans Admini- 
stration Hospital and University of 
Washington School of Medicine, Seattle, 
Washington. 


The amount of blood in the lungs, heart, 
and vessels between the lungs and heart was 
found to be 15-8 per cent of the total blood 
volume in recumbent patients without heart 
disease; when the formula, V = F(T, — T, 
(V = volume, F = cardiac output, and 7, 
is the mean transit time recorded at a point 
distal to the mean transit time, 7',, at another 
point) was applied to data curves obtained 
by simultaneous recording of [131 HSA 
transients, detected with well-collimated 
crystals placed over the anterior thoracic 
wal]. The values obtained in this manner are 
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much less than those of more difficult clini- 
cally applicable techniques, and approach 
those obtained in animals by direct volume 
measurement after appropriate simultaneous 
double ligations. About 0-65 of the blood 
in the heart and lungs exists between the 
pulmonary capillaries and aorta. In patients 
with essential hypertension this value may 
exceed 0-80 in the absence of congestive 
heart failure. The time-radioactivity curves 
over the lung are nearly always “‘pure”’ as are 
those from over the left ventricle; however, 
those curves from the regions of the right 
atrium and pulmonary artery are occasionally 
compound. Nevertheless, extrapolation to 
form curves representing single chambers or 
channels is readily performed. Cardiac out- 
put values calculated from the in vivo data are 
nearly identical from each of the four loca- 
tions. With the appropriate placement of 
detectors the location as well as amount of 
abnormal accumulation of blood may be 
ascertained. This technique, requiring only 
a single intravenous injection and two venous 
samples, gives much information of value 
in understanding and managing cardiac 
disorders. 


A New Radioactive Isotope Technique for 
Measuring the Effect of Drugs on Intact 
Coronary and Systematic Arteries: HENRY 
L. JAFFE, M.D., Exior Corpay M.D., 
Leon Pape, Lauro DE VERA, M.D., and 
HERBERT Go.p, M.D., Cedars of Lebanon 
Hospital, Los Angeles, Calif. 


In order to measure the changing diameter 
of blood vessels in dogs, a small narrow en- 
capsulated disc of radioactive phosphorus 
was slipped under an intact artery in the 
beating heart. A Geiger counter was 
mounted over the blood vessel. As the vessel 
increased in size the count rate decreased. 

Up to now it has been difficult to measure 
the effect of drugs on intact arteries. By 
this new technique the authors can evaluate 
the effect of pharmaceutical and physical 
agents upon the coronary and _ systemic 
circulation. 
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Have We Improved the Thyroid I'*! Uptake?: 
P. C. Jounson, L. Cops, and L. Hatt, 
Veterans Administration Hospital, Okla- 
homa City, Oklahoma. 


The thyroid I!*! uptake test has proven a 
useful indicator of thyroid function. It is 
much less accurate for the diagnosis of hypo- 
thyroidism than it is for the diagnosis of 
hyperthyroidism, due to the relatively high 
tissue background and the interference by 
ingested iodides. ‘This is also true of all other 
[131 thyroid function tests. 

We have compared the 24 hr [4*! uptake 
test in normals and hypothyroid individuals 
diagnosed by a complete clinical evaluation 
to determine if the diagnostic accuracy of the 
[131 uptake test is significantly changed by 
the following variations in technic: (1) 
Percentage uptake with and without sub- 
traction of the thigh count as a tissue 
background; (2) Percentage uptake with 
and without the use of a Pb filter directly in 
front of the crystal; and (3) The percentage 
uptake using the new Oak Ridge technique 
with an A and B Shield versus the Abbott- 
Phantom using the thigh count as tissue 
background. ‘These tests were performed 
simultaneously on the same individuals using 
a 1 in. sodium iodide crystal. 

Our data show that these variations in 
technic do not improve our ability to separate 
normals from the hypothyroids. On the 
other hand, the coefficient of variation for 
the hypothyroid group, but not of the normal 
group, is smallest using the Oak Ridge 
technique and it is largest using a thigh 
count as tissue background. This bears out 
theoretical considerations based on pulse 
height analysis that the use of an A and B 
filter should improve the mathematical 
accuracy of the I'%! thyroid test and that a 
thigh count is not a good representation of 
tissue background in the neck. 


Use of I)! Labeled Fat and Fatty Acid to 
Differentiate Digestive From Absorptive 
Defects in Steatorrhea: Ervin KAPLAN, 
M.D., BERNARD M.D., and RoBERT 
Fruin, M.D., Veterans Administration 
Hospital, Hines, Illinois. 
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The clinical study of the absorption and 
metabolism of fat has been difficult because of 
the lack of adequate simple techniques 
available for studying these problems. The 
authors have studied the blood levels of [14 
labeled glycerol trioleate and oleic acid 
following oral ingestion. In normal controls 
the rate of accumulation in the blood and the 
levels of activity measured showed no signi- 
ficant differences. In those patients with a 
significant steatorrhea two general patterns 
were noted. Those individuals symptomatic 
of steatorrhea secondary to absorptive defects 
(e.g. sprue) showed a decreased rate and 
quantity of blood activity following ingestion 
of labeled triolein or oleic acid. These 
deficient levels returned to normal on 
therapy alleviating the steatorrhea. The 
second group had steatorrhea associated with 
pancreatic insufficiency. These patients 
were observed to absorb oleic acid at a nor- 
mal rate and in normal quantity, but were 
not able to absorb normal amounts of 
activity bound to glycerol trioleate. 

The above observations are interpreted as 


a means of differentiating absorption of fat 
as opposed to digestion of fat in the patient 
with steatorrhea. We have found the method 
useful in differentiating absorptive from diges- 
tive defects, and for assaying the therapeutic 
effects of steroids and pancreatin. 


Determination of Urinary Excretion of 
Radiocobalt-Labeled Vitamin B,, by 
Cobalt Sulfide Precipitation: David S. 
Kinnory, Ervin Kapian, Y. T. OEsTER, 
and Apert A. IMPERATO, Veterans 
Administration Hospital, Hines, Illinois. 


Radiocobalt-labeled vitamin has 
considerably simplified the diagnosis of 
vitamin B,, malabsorption syndromes. In 
the Schilling test it is useful for diagnosing and 
differentiating pernicious anemia from other 
macrocytic anemias of liver disease and 
sprue. A need exists, however, for improving 
the counting efficiency and ability to dis- 
criminate between various radioisotopes 
in measuring low-level radioactivity of large 
volumes of urine. This prompted us to 
develop the more specificand sensitive method 
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of cobalt sulfide precipitation for the deter- 
mination of urinary radioactive cobalt. 

The cobalt sulfide precipitation procedure 
is performed in the hood. It utilizes 1000 ml of 
the patients’ 24 hr urine, to which are added 
4 ml of 1 M cobalt chloride as carrier, 300 g 
of NH,Cl to prevent colloid formation of 
cobalt sulfide, and 2 ml of n-octyl alcohol to 
reduce foaming. The mixture is then heated 
to boiling, 6 ml of Merck reagent (NH,),S 
are added and, after cooling, the cobalt- 
sulfide precipitate is isolated by suction 
filtration. The precipitate with filter paper 
is packed in the bottom of a Lusteroid tube 
and counted in the well-type scintillation 
counter against the dose standard. In the 
second precipitation, heating and the addition 
of NH,Cl and n-octyl alcohol are omitted. 
The radioactivity recovered in the cobalt 
sulfide from two successive precipitations is 
satisfactory and reproducible. 

This procedure has a twofold advantage. 
(1) Its high counting efficiency permits the 
use of only a 0-05 we dose of radiocobalt- 
labeled vitamin B,. with a high counting 
rate of 2700 c.p.m. for a 10 per cent re- 
covery using a 2 in. x 2 in. sodium iodide 
crystal. (2) Its relative specificity makes it 
possible to administer the Schilling test 
to patients who have previously been given 
other radioisotopes and are still excreting 
radioactivity not precipitable from urine by 
sulfide ions. 


Circulating, Red Cell Mass Determinations 
Using Radiochromate: DonALp R. Korst, 
M.D., and Cuartes T. Knorpp, MS, of 
the Veterans Administration Hospital, Ann 
Arbor, Michigan; and Roserr J. Bott, 
M.D., University of Michigan Hospital, 
Ann Arbor, Michigan. 


Several methods of red cell mass or volume 
measurement using Cr®1 have been evaluated 
for accuracy and usefulness in the clinical 
radioisotope laboratory. Patients (158) 
were not chosen and represented routine 
blood volume study requests from the clinical 
services of the hospital. This group represents 
a wide variety of diseases and a wide range 
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from severe anemia and bleeding to poly- 
cythemia and dehydration. Repeat studies 
in the same patient to determine reproduci- 
bility were performed 41 times out of the total 
of 218 tests. Autologous cell tagging was 
used primarily, but 50 tests were performed 
with labeled type O Rh negative donor cells. 

The most reliable method is that of 
tagging autologous cells for 15 min at room 
temperature with 50-100 we of Crt. A 
volumetric method is used, a standard is 
prepared, whole blood and plasma _ of 
standard and specimen are counted, and a 
hematocrit is run on each. Three samples of 
each or a total of 12 are counted for maximum 
accuracy, and the total time of the test is 
usually 1 hr. A gravimetric method has been 
used by one of us with equal success. 
Twenty ml of blood is used and 3 ven>- 
punctures are required of the patient. This 
procedure has been reliable in the hands of 
the technicians and trainees in the labora- 
tory and is the minimum acceptable tech- 
nique in our experience that provides reliable 
and reproducible results. 

Elimination of plasma activity counting or 
counting less than 3 aliquots of each specimen 
has resulted in errors. Fresh donor (type O 
Rh neg) cells did not prove to be reliable 
and disappeared at a different rate in 
different patients requiring multiple speci- 
mens. A correlation of red cell mass versus 
the peripheral hematocrit has been kept and 
emphasizes the need of direct red cell mass 
measurement. Most usefulness was found in 
polycythemia, pre- and post-op patients and 
in the patient with gastrointestinal bleeding. 


Experimental Control of Potential Internal 
Emitters: Granvit C. Kyxer, Medical 
Division, Oak Ridge Institute of Nuclear 
Studies. 


Therapeutic applications of internal emit- 
ters have not reached their early predictions 
of success and have not kept pace with other 
extensive experimental uses of radioisotopes. 
Therapeutic use of internal emitters depends 
in general upon the ability to localize their 
radiation to a selected tissue, organ, or site 
of administration. Relatively few of the 


5 


numerous isotopes offer practical potentiali- 
ties. Many of those which are currently 
available do not possess desired properties. 
Those of selected medical interest represent 
largely elements not ordinarily encountered 
in biochemical and metabolic processes. 
Experimental evaluation includes various 
studies in laboratory animals with isotopes 
of lutetium, holmium, andyttrium. Resulting 
patterns of radioactivity are extremely de- 
pendent upon conveniently controlled factors. 
For a given route of administration the 
pharmacological] dose of the element and the 
type ofchemical preparation show pronounced 
effects. Various combinations show that the 
behaviour of a givenisotope may be controlled 
similarly by pharmacological doses of different 
elements. It equally applies that different 
radioisotopes are similarly controlled by one 
element. The choice of radiation character- 
istics for a particular application is thereby 
greatly extended. Projected medical appli- 
cations pertain to possible intracavitary and 
interstitial applications. 


Serum Co Vitamin B,, Binding Capacity 
in some Hematologic Disorders: Lro M. 
Meyer, Ropert W. BERTCHER, and 
EuGENE P. Cronkite, South Nassau 
Communities Hospital, Oceanside, N.Y., 
and the Brookhaven National Laboratory, 
Upton, N.Y. 


It has been recently reported that the 
range of Co® vitamin B,, binding capacity 
of normal human serum may be estimated 
by incubating the radioactive vitamin with 
serum and dialyzing against running tap 
water for 48 hr Proc. Soc. Exp. Biol. Med. 94, 
169 (1957). This binding capacity has been 
studied in various hematologic disorders 
with the following results: 

Ten of 13 cases of chronic myelocytic 
leukemia showed an elevated binding capa- 
city which was roughly but not regularly pro- 
portional to total leukocyte count. ‘Those 
cases showing normal binding were under 
treatment and in remission. One of 6 cases 
of chronic lymphocytic leukemia showed 
moderate, and two slight increase of binding 
capacity. This varied with leukocyte count, 
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but was less elevated than in chronic myelo- 
cytic leukemia. Increased binding capacity 
was also found in one of seven adult cases of 
acute leukemia, two cases of chronicidio- 
pathic leukopenia, 1 of 2 cases of poly- 
cythemia vera, and none of three cases of 
pernicious anemia in relapse. 

The findingsinchronic myelocyticleukemia 
and polycythemia vera parallel reports of 
increased serum conteat of vitamin By in 
these diseases. 

In none of the conditions studied was 
binding capacity reduced. 


Simultaneous Total Exchangeable Sodium 
(Na*4), Potassium (K**), and Chloride 
(Br®?) by Ion Exchange Techniques: 
J. J. R. E. Peterson, E. V. 
WEINER, Veterans Administration Hospital, 
Iowa City, Iowa. 


Interest in reciprocal changes in body 
sodium, potassium and chloride prompted 
examination of techniques for counting 
isotope mixtures. Spectral discrimination 
and differential half-life determination for 
these 3 isotopes have been too inaccurate in 
our hands. Through several modifications, 
an ion exchange technique was evolved for 
the complete, quantitative separation of 
sodium, potassium, and bromine in serum on 
a single column. This method consumes only 
about 2 and 23 hr in the column separation 
and is much simpler than any chemical 
technique, and, in addition, achieves better 
recovery. The chromatographic technique 
is a combination of elution and _ frontal 
analysis. Inconjunction with theionexchange 
technique, we have developed a monitoring 
device to detect the radioactive peaks of Br®, 
K*®, and Na*4 as they emerge from the 
column. A plumbing system of small bore 
polyethylene tubing carries the column 
effluent through a helix wrapped around 
a G.M. tube connected to a rate meter. The 
activity is recorded on a recording milliam- 
meter. The sensitivity of the monitor is such 
that radioactive samples of effluent from the 
column can be cut to within 2 ml on either 
side of the peaks. This apparatus makes 
volume measurement of effluent unnecessary 
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and enables one technician to run four 
columns simultaneously. The effluent 
fractions of sodium and potassium are 
evaporated and concentrated to 10 ml 
volume and aliquots diluted for flame deter- 
mination on the Beckman D. U. Because 
ammonium ion was found to affect flame 
characteristics of both sodiumand potassium, 
samples and standards were diluted with an 
ammonium ion buffer of constant concentra- 
tion for the flame determination. The effluent 
containing protein anions and Br* is made 
to volume and aliquots taken for radioactivity 
counting and chloride determination by VAN 
SLYKE (7. Biol. Chem. 53, 523 (1923-24). A 
comparison of serum and urine specific 
activities and total exchangeable electrolyte 
data from normal humans will be shown. 


A Gamma Ray Carrier Compound Useful 
for Clinical Physiologic Dynamic Studies: 
Witt1am G. Myers, Ph.D., College of 
Medicine, The Ohio State University. 


2,6-Diiodosulfanilic acid labeled with a 
radioisotope of iodine that emits gamma- 
rays, such as [131, may have several advan- 
tages as a “gamma ray carrier’’ vehicle over 
Na*4, RISA, etc. for in vive dynamic studies 
such as circulation time, cardiac output, 
radiocardiography, and intramuscular clear- 
ance studies: 

(1) It can be synthesized very easily, and 

in high specific activity; 

It has an extremely low toxicity; 

It has a short biological half-life, and 
and is excreted rapidly in the urine; 
It is not a metabolite, and therefore 
does not enter any “pools”’; 

It does not localize in the thyroid 
gland or other tissues to be eliminated 
in accordance withnormal biochemical 
processes ; 

Tests may be repeated frequently 
without increasing dosages necessarily 
due to cumulative tissue “back- 
grounds’, 

Labeled with I*!8 it is superior to Na*# 
for dynamic studies: 

It is more convenient due to its 
longer “shelf life’’ ; 


OL. 
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(ii) It emits gamma rays with much less 
energy, facilitating shielding and 
safer handling; 

(iii) It has a greater 
gamma ray “merit”’ ratio 

__ Useful gamma ray “‘signals”’ 
Localized beta particle 
radiobiologic effect 
“Directionality” is more readily 
achievable. 
Radiation exposures are reduced, in 
in accordance with recommendations 
made recently by Study Committees 
of the National Academy of Sciences. 


Glucuronolactone Decarboxylase in Muscu- 
lar Dystrophy: JosepH L. Rasinow1Tz 
Methodist Hospital, Texas Medical 
Center, Houston, Texas. 


It was possible by the use of radioactive 
glucuronolactone to devise a test capable of 
indicating the amount of this enzyme 
present in a given specimen. It was hoped 
when this enzyme was discovered and the 
assay test developed that it would prove a 
clinical aid in the diagnosis of myopathies. 
At present, extensive laboratory work is being 
correlated by the use of the recently found 
strain of dystrophic mice. Although this 
enzyme is apparently present to a larger 
extent in certain organs (kidney, spleen, etc.) 
in the dystrophic animal as compared to the 
normal litter mate, in the muscle itself the 
difference is small and therefore hard to 
measure. A larger difference in the content 
of this enzyme in the muscle of the dystrophic 
patient would be necessary for the develop- 
ment of a practical diagnostic test, since 
the difference between the normal and the 
dystrophic muscle is small. The alternatives 
are a more sensitive test or a biopsy of an 
organ known to exhibit a greater enzymatic 
difference. 

The glucuronolactone decarboxylase test 
consists of the measurement of radioactive 
CO, formed per mg of a weighed sample 
of finely minced tissue after incubation with 
1 mg of | mc mM of C,, multilabel glucuro- 
nalactone. This test is at present a labora- 
tory investigative procedure. Approxi- 


mately ten such tests have been performed on 
human muscle biopsy specimens obtained at 
surgery from patients with myopathies and 
neuropathies, and they showed a small 
although significant difference. The animal 
work on which many hundreds of these tests 
were performed continues with the purpose 
of determining coenzyme factors and condi- 
tions which would increase the sensitivity and 
accentuate the differences between com- 
parative specimens. 


Physio- Pathologic Effects of Ionizing Radia- 
tions on the Blood-Brain Barrier as 
Measured by the Penetration of Radio- 
Active Sodium into the Central Nervous 
System: Raymonp G. M.D., 
F.R.C.P. (C), The University of Texas 
Postgraduate School of Medicine, 
University of Texas M. D. Anderson 
Hospital, Houston, Texas. 


High doses of irradiation are required to 
produce definite morphological changes 
in the central nervous system. The present 
experiment was conducted to see if functional 
derangements occur after comparatively 
small amounts of ionizating radiations. 

Tracer studies with intravenously injected 
radioactive sodium were performed on rabbits 
to determine the rate and degree of sodium 
penetration into the cerebrospinal fluid and 
brain. Other groups of rabbits were given 
large doses of Na** or 100 to 1500 r of total 
body X-radiation (followed by tracer doses 
of Na*4 at varying intervals) to study the 
possible effects of such irradiation. 

The data obtained showed an accelerated 
penetration of sodium into the CNS under 
these conditions, as well as an apparent 
increase in radio-sodium content in the CNS 
when compared to the control group. 
Histological changes were minimal at the 
highest dosage levels employed. 

The significance and possible applications 
of these findings are discussed. 


Four Inches by Three Inches Plastic 
Scintillator for Routine Co” Vitamin B,, 
Uptakes: W. S. Scarr and P. C. 
Jounson, Veterans Administration Hospi- 
tal, Oklahoma City, Oklahoma. 
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Large diameter plastic scintillators are 
ideal for Co® vitamin By, liver counting 
because of their relatively low sensitivity 
to scattered gamma rays, large angle of 
acceptance and low cost. We have per- 
formed the Co®® vitamin B,,. uptake on 
normals and in P.S. patients to compare a 
1 in. sodium iodide crystal with plastic scintil- 
lators of the following sizes: 2 in. x 3 in. 
These were attached to a Tracerlab P-20A 
scintillation tube. 

Our studies show that the 4 in. x 3 in. 
crystal is the most practical crystal for liver 
counting due to higher ratio of counts/back- 
ground ease of shielding and an_ iso-dose 
curve which sees the average-sized liver as a 
Point source 3 in. from the detector. 

Our results in 60 normals and 5 P.A. 
patients will be given and compared to the 
results obtained by simultaneous urinary and 
fecal excretion of Co®® vitamin B,,._ The nor- 
mal value for the 4 in. » 3 in. plastic crystal 
is 2-84 + 0-87 per cent with a net counting 
rate of 1200 counts/min. and a background 
of 960 counts/min. using | in. lead bricks as a 
shield. 


Change in Plasma Clearance Rate and Red 
Cell Uptake of Radioactive iron in 
Patients Following Total Body X-Radia- 
tion: W. Sincrarr, University 
of Texas, and M. D. AnpErson Hospital 
and Tumor Institute, Houston, Texas. 


Studies were made with radioactive Fe*® 
on twelve patients receiving total body X- 
radiation bilaterally at a nominal dose level 
of 200 r in air at the midline (actually approx- 
mately 130 rads average dose with 20 per 
cent variation throughout the body). Plasma 
clearance studies and red cell uptake studies 
were conducted both before and_ after 
irradiation according to the therapeutic pro- 
gram of the patient. The data show a 
maximum change occurring at 3 to 4 days 
after irradiation which lengthens the plasma 
clearance half time to double or treble 
its previous value. A slight but definite 
depression, of the order of 10 per cent on the 


average, is demonstrated in the red cell 
uptake. 


Medical Applications of Neutron Activation 
Analysis: R. P. Spencer, Lt. M.C. 
USNR; Tuomas G. MircHe Lt. M.S.C. 
USN; and E. Ricuarp Kine, Capt. M.C. 
USN, U.S. Naval Hospital, Bethesda, 
Maryland. 


Because of the difficulty in determining the 
quantity of anions and cations in blood serum 
the technique of neutron activation analysis 
was studied. This methodological advance 
depends upon neutron bombardment of 
blood, and measurement of theinduced radio- 
activity. Following exposure of a 10 ml serum 
aliquot toa flux of 2-5 108 neutrons/cm?/sec 
for | hr, 13isotopes are theoretically produced 
to the extent of 30 disintegrations per min 
(dpm) or greater. These are Na™, C18, 
Br®, Br8?, 128, K42, Cat®, CuSs, Zn 6%, Mg?? 
and P*® (m refers to the first of two 
metastable isomers). 

By comparing the radioactivity with that 
induced in a standard handled the same way, 
it is potentially possible to estimate the 
quantity of these isotopes in the sample. 
From this, the amount of the isotope’s 
precursor can be calculated. 

If rapid differentiation were possible, 6 
cations (sodium, potassium, magnesium, 
calcium, copper, zinc) and 4 anions (chlorine, 
bromine, iodine, phosphorous) could be 
estimated in blood. The use of beta and 
gamma ray spectroscopy to distinguish 
between the nuclides will be discussed. 


Chromatographic Techniques for Separa- 
tion of Iodinated Thyroid Products from 
Human Urine: E. I. SHaw, Ph.D., and 
RicHarp Goxpspy, B.S., University of 
Kansas, Lawrence, Kansas. 


The low concentration of iodinated thy- 
roid products in human urine necessitates 
either the concentration of these compounds 
or the application of large volumes of 
urine to papers for the production of paper 
partition chromatograms. Present day 
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techniques of electrolytic desalting or separa- 
tions on ion exchange resins are not practi- 
cable in this case. Too large a fraction of the 
low molecular weight iodinated compounds 
are lost through electrolytic desalting in 
addition to partial deiodination of some of the 
compounds. Thicker than ordinary mem- 
branes partially eliminates the former effect. 
The possibility of loss of small quantities of 
unknown compounds is always present 
when ion exchange resins are used. Water 
saturated butanol extraction of urine for 
concentration of the iodinated compounds 
is less dangerous when the residual urine 
or fresh urine is also chromatographed for 
comparison. Unfortunately, butanol extracts 
also concentrate many of the organic and 
inorganic compounds which interfere with 
the flow of the iodinated thyroid products so 
they have disadvantages similar to those in 
applying large volumes of urine to the papers. 

Two dimensional chromatography dimi- 
nishes the need for removal of interfering 
substances such as urea and inorganic salts. 
Through use of the proper solvents, the 
iodinated compounds can be chromato- 
graphed free of the interfering substances in 
the first dimension and subsequently sepa- 
rated from each other by the use ofa different 
solvent in the second dimension. Volumes of 
urine as large as one milliliter have been 
applied to 18 x 22 in. papers and reasonably 
good separations obtained. Much oxidation 
and artifact formation takes place in butanol- 
dioxane ammonia solvents, but this is partly 
controlled with cyanide. Pure amino acids 
and thyroid hormones on paper chromato- 
grams in the presence of iodide are more 
subject to oxidation and exchange of I'*! for 
stable iodide than the same compounds on 
chromatograms of urine. 


Hypoalbuminemia. Its Pathogenesis in 
Different Disease States: Jrsse L. 
STEINFELD, National Cancer Institute, 
National Institutes of Health, Bethesda, 
Maryland. 


Hypoalbuminemia is found in patients 


with many diseases. After intravenous 
administration of I! albumin, stool, urine 
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and serum radioactivities were measured for 
four weeks in normal individuals and in 
patients with far advanced malignancies, 
regional enteritis, ulcerative colitis, chronic 
infections and hyperthyroidism. 

Total exchangeable albumin was_sub- 
normal in patients with all of the disease 
states listed above. In those patients with 
chronic infections and advanced cancers who 
were studied, albumin turnover was sub- 
normal when expressed either as per cent of 
total pool turned over each day or as grams 
of albumin degraded per kg of body weight 
per day. In patients with hyperthyroidism, 
regional enteritis or ulcerative colitis, albumin 
degradation was increased (up to twice 
normal) when expressed as per cent of pool 
turned over each day and also significantly 
increased (despite a subnormal total exchan- 
geable albumin) when expressed as grams 
of albumin degraded per kg of body weight 
per day. In patients with regional enteritis 
or ulcerative colitis fecal excretion of radio- 
activity was ten to one hundred times that 
found in patients without diarrhea. 

A model will be presented which, from the 
above data, may permit one to distinguish 
inadequate production from increased des- 
truction of albumin as the primary factor in 
the pathogenesis of hypoalbuminemia. 


Studies on Fe® Turnover and Thyroid 
Function: J. STERNBERG, P. LETARTE, 
A. Mercier, and L. Joticorur, Institute 
of Microbiology and Hygiene, University 
of Montreal, Canada. 


Our former investigations with Fe®? in 
tubercular and BCG immunized guinea-pigs 
showed a low RBC and bone marrow uptake 
of radioiron in tubercular animals, while in 
immunized animals the same tissues exhibited 
a significant but transient increased uptake. 
Since the immunization seems to produce an 
increased utilization of thyroid hormones at 
the tissular level, we have investigated the 
possible relationship between Fe°? turnover 
and thyroid function. Three groups of 40 
male guinea-pigs were treated as follows: 
(1) thyroidectomy 30 days prior to the 
moment of Fe*® injection (TX group); (2) a 
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daily injection of 20 wg tri-iodotyronine for 
10 days before the radio-iron administration 
(TIT group); and (3) normal controls. 
Each animal received intramuscularly 20 
uC Fe®’, containing 8 ug Fe®*; the animals 
were killed 12, 24, 48 hr, 4 and 8 days after 
injection. The RBC and plasma volume, 
the hematocrit and ESR values were 
determined, as well as the electrophoretic 
patterns and the serum-iron binding capacity, 
Also, the Fe®*® concentration of RBC, 
plasma, bone marrow and other tissues was 
assayed. 

The RBC volume is increased in the TX 
group (2:56 ml/100 g) as compared to the 
TIT and control groups (average 1-68—1-76 
ml/100 g). There is no significant change in 
hematocrit or ESR in either of the treated 
groups. The utilization of RBC Fe*® is 
significantly higher in the TX group (13-2 
per cent at 4 days) than in the TIT group 
(7-36 per cent) or in controls (6-55 per cent). 
This increased utilization rate is reflected 
in the higher bone marrow, liver and spleen 
uptake in the TX group. However, the 
spleen exhibits a greater uptake of Fe®® than 
the TX group towards the fourth to the 
eight day (1-41 per cent, 1-10 per cent for 
the TX and 0-70 per cent for controls); the 
other TIT uptakes do not differ from the 
controls. 

These results lead to the assumption that 
the relative anoxia induced by thyroidectomy 
seems to be compensated by an increased 
activity of the oxygen transporting RBC 
system, a fact which might be considered 
similar to the RBC regulating mechanism at 
high altitudes. The inability of the TIT to 
change the elaboration rate of hemoglobin 
suggests that the myelopoietic acitivity of 
thyroid is assigned to another hormone or 
hormonal metabolite. 


Simultaneous Measurement of Erythrocyte 
Destruction and Production Rates Using 
and Fe®®: DonaLp A. SUTHERLAND, 
M.D., Heney Lanz, Ph.D., and Rosertr 
HUuFFHINES. 


The separation of Fe®® and Cr*! has been 
carried out using a NalI-Th scintillation well 
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type crystal unit and a linear amplifier with 
the gain adjustment for differentiation. The 
technic utilized an in vivo tagging of erythro- 
cytes by the intravenous injection of Na,Cr*!- 
O,. The erythrocyte production rate mea- 
surement was initiated by the intravenous 
injection of ferrous (Fe®®) citrate. Samples of 
blood were obtained at 3 hr, 24 hr, and daily 
thereafter for 10 days. Ten ml blood samples 
were obtained and the plasma was separated 
from an aliquot immediately after veni- 
puncture. Precautions were taken to mini- 
mize hemolysis. A hematocrit was obtained 
on each sample. The radioactivity of 
aliquots of both plasma and whole blood 
was determined and the red cell radioactivity 
was calulated using the appropriate hemato- 
crit value. 

The amount of radioactivity in each 
sample of blood or plasma due to Fe®® and 
Cr*! was determined by differentiation after 
correction for the secondary radiation from 
the more intense gamma given off by Fe®*®. 
This was accomplished by initially carrying 
out the above procedure with serial dilutions 
of each isotope. The amount of Cr*! activity 
in each sample was expressed as a percentage 
of that found in the initial sample. The 
amount of Fe®® activity in each sample was 
expressed as a percent of the amount injected. 
These calculations resulted in the classical red 
cell decay and accumulation curves as 
previously described in the literature. 

This technic is recommended for special 
cases where the cells are unusually fragile and 
where it is necessary to measure both functions 
in order to determine diagnosis or therapy. 


Clinical Applicability of External Dynamic 
Tracer Techniques for Evaluating Liver 
Kidney and Thyroid Functions: GEORGE 
V. Taptin M.D. UCLA Atomic Energy 
Project, Los Angeles, California, and 
OrsELL M. MerepirTH, JR., Ph.D; HAROLD 
M. Kape, M.D., CHEsTER C. WINTER, 
M.D., and Dotores Jounson, M.D. 


The exhibit will present the techniques 
and equipment employed in the develop- 
ment of dynamic external gamma _ ray 
scintillation counting techniques in animal 
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studies and the modifications required for 
their clinical application in estimating 
impaired functions of the liver, kidneys and 
thyroid. Recent modifications of the Rose 
Bengal I'*! liver uptake-excretion test 
demonstrate from both animal and clinical 
studies its diagnostic value in estimating the 
degree of biliary obstruction in jaundiced 
patients. Further clinical results with the 
diodrast I131 renogram will be presented to 
show its usefulness as a rapid (15-20 min) 
screening procedure for estimating differential 
renal functions and especially its diagnostic 
value in hypertensive children and young 
adults having unilateral renal disorders. 
Finally, results of laboratory and clinical 
studies will be presented to show the clinical 
applicability of the same dynamic tracer 
techniques in developing a 20 min ['%! 
uptake test for thyroid function as compared 
with results from other standard diagnostic 
procedures. 


A Clinical Application of C'*. Glucose 
Oxidation Rates in Diabetes Mellitus: 
B. M. Tortpert, M. Pottycove, M. R. 
Kirk, and J. H. Lawrence, Radiation 
Laboratory, Donner Laboratory and 
Donner Pavilion, University of California, 
Berkeley, Calif. 


The failure of a patient to metabolize 
glucose at a normal rate, as occurs in 
diabetes mellitus, can be directly measured by 
a new clinical test which uses Cl labeled 
glucose. In this test the rate of respiration of 
CO, is measured after a single injection of 
1 to 10 we of glucose-Cl*. Analysis of the 
C40, rate curve combined with body water 
and blood sugar level figures gives the rate 
of oxidation of glucose to CO, in mg/min. 

Using this technique, glucose oxidation has 
been measured in diabetic patients with and 
without their usual dose of insulin. Prelimi- 
nary data indicate that the rate of glucose 
oxidation is increased by insulin, that in 
diabetic patients the glucose oxidation rate 
is not dependent on the blood sugar levels 
and relatively small decreases in glucose 
oxidation rate can cause severe hyper- 
glycemia. 
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These glucose-C™ oxidation rate studies in 
man are compared with similar studiés in 
normal, alloxan diabetic, and depancrea- 
tized rats. 


The In Vivo Study of Fat Absorption and 
Utilization with I'*!-Labelled Fat and 
Fatty Acids: D. A. Turner, Ph.D., 
B. J. Curry, Jr. M.D., Georgetown 
University School of Medicine, Washing- 
ton, D.C. 


In the past most of our understanding of 
lipid metabolism has been achieved by 
tedious, complex and reasonably inaccurate 
chemical analyses. 

During the past 6 years a simple and safe 
method, utilizing radioiodine-labelled fat 
and fatty acid, has been developed and 
employed in the investigation of fat absorp- 
tion, transport and utilization in men and 
dogs. 

Alterations in intestinal absorption and in 
serum lipids in the hyperlipemic state have 
been measured following the administration 
of various therapeutic agents. 

The deposition in tissue of labelled fat 
following oral administration has been 
studied in both dog and man with particular 
reference to cardiovascular and pulmonary 
tissues. 

Clinical conditions studied to date include 
the malabsorption syndrome, pancreatic 
insufficiency, hyperlipemia and coronary 
artery disease. 

The results of these studies are presented. 


Experimental Studies on Interstitial Injec- 
tion of Radioactive Colloidal Gold (Au’®*): 
AnpREW H. Vetpuuts, M.D., Luther 
E. Preuss, Henry Ford Hospital, Detroit, 
Michigan. 


The principle of depositing high energy 
radiation in the form of colloidal particles in 
the same locus as tumor cells, namely, 
regional lymph nodes, is quite different from 
external radiation in which the effectiveness 
is proportionately diminished by the linear 
distance. Radioactive gold as a trillion point 
source of beta radiation, has had increasing 
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clinical use for the treatment of malignancy. 
Before its general use can be adopted, certain 
basic facts must be established. Thelimitation 
of effectiveness and margin of safety must be 
anticipated. | Once the solution is injected 
into the tissues, it is important to know if the 
injection bolus remains pooled or if it is 
dispersed; if it remains pooled at the site of 
injection, is the time interval sufficiently long 
to cause severe local radiation reactions; if 
the solution is quickly dispersed, is the route 
of egress by way of the lymphatics or the 
blood stream; if the radioactive colloidal 
gold reaches the regional lymphatic glands, 
is the concentration in time interval favor- 
able to the production of adequate radiation 
effects. 

In the first half of the experiment the left 
inferior thoracic mammary gland in a series 
of rabbits was injected with a volume of 
saline containing Au!®$ radioactivity ranged 
from 0-023 to 0-18 mc/cm’. The animals 
are sacrificed at intervals of 1, 4, 8, 12, 24, 48, 
72, 144, 168 hr. A minimum of 3 animals was 
used for each of the time intervals. Tissue 
for assay was obtained from the left and right 
breast, the left and right axillary, and left 
and right internal mammary nodes. 

Curves obtained from analysis of the left 
axillary and left internal mammary nodes 
were quite similar. Both exhibited a peak 
concentration of 2 per cent total dose/g of 
tissue from the left axillary and 2-4 per cent 
total dose/g of tissue from internal mammary 
nodes which occurred approximately 48 hr 
after injection of the ipsilateral breast. 
Following the maximum concentration the 
curves fell off rather rapidly and approached 
a constant level in approximately seven days. 
The so-called “‘peaking effect’’ implied that 
all the gold particles do not remain in the 
first node during the course of migration. The 
curves obtained from analysis of the right 
axillary and right internal mammary nodes 
were similar. In each case the peak was flat, 
in contrast with those of the ipsilateral side. 
The peak concentration of 0-5 per cent total 
dose/g of tissue occurred at 72 hr, 24 hr later 
than on the opposite side. 

Initial transport of gold colloid from the 
breast is very rapid. At time zero the total 


dose/g of tissue was approximately 10 per 
cent. Concentration fell to approximately 2 
per cent in 2 hr, 1} per cent in 24 hr and 
asymptotically leveled off in two days at 
approximately 1-2 per cent. 

In the second half of the experiment the 
left breast of a series of rabbits was injected 
with radioactive gold in the concentration of 
1 mc/cm* of saline solution per g_ of 
tissue. All of the regional nodes taken from 
the animals who received therapeutic 
amounts of radioactive gold showed a consi- 
derably higher peak concentration than was 
seen in the tracer experiments. Theipsilateral 
axillary nodes showed a peak concentration 
of approximately 5 per cent total dose/g of 
tissue, approximately 2} times the concen- 
tration seen with a tracer amount. 

The ipsilateral internal mammary node 
showed an extremely high peak namely, 25 
per cent total dose/g of tissue. This was 
approximately 10 times the concentration 
observed with the tracer amount. Analysis 
of the breast showed that approximately 
half the gold left the breast within 24 hr. 

The investigation showed that maximum 
radiation was delivered to the regional lymph 
nodes. The concentration of radioactive gold 
in the nodes on the basis of calculated dose 
indicated a new order of magnitude in terms 
of radiation dosage. Examination of the 
sections of lymph nodes revealed micropatho- 
logic changes which were more pronounced 
than are produced by external radiation. 
The curves suggest that migration to primary 
and secondary nodes occurs before the 
activity of the gold has been exhausted, and 
at the same time minimizing severe local 
reaction at the site of injection. 


Observations on Cardiac Output in Re- 
sponse to a Standard Master’s Test as 
Determined by an External Technique 
with Radioisotopes: SYLVAN L. WEINBERG, 
M.D., Davin C. Dantets, B.S., M. 
Wespser, M.D, G. RicHArRD Grove, Ph.D., 
and Rosert E. Zier, M.D., Miami Valley 
Hospital, Dayton, Ohio. 


Thirty-five clinically normal adults were 
subjected to a standard Master Two Step 
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Test. Cardiac output was determined 
by external measurement of gamma radia- 
tion over the heart following intravenous 
injection of radioiodinated serum albumin. 
The primary dilution curve was inscribed 
directly on a strip chart recorder. Cardiac 
output was studied by this method in the 
resting state, immediately following the 
exercise test, and at intervals of 4-5 and 8 min 
after exercise. Other data obtained at these 
times included electrocardiograms, blood 
pressure readings, rate of respiration, and 
subjective response to the test. 

The method of cardiac output used was 
found to be simple and reproducible under 
clinical conditions in out-patients. The 
ultimate significance of variations in cardiac 
output in response to the Master’s Test in 
normal and disease states has not been 
defined completely. It is postulated that 
the addition of this parameter of cardiac 
function to an already standardized test 
may permit a more accurate appraisal of 
cardiac reserve. 


Cardiac Output Determinations by External 
Technique with Radioisotopes: ROBERT 
E. Zier, M.D., Joze M. Wesser, M.D., 
and G. RicHArD Grove, Ph.D., Miami 
Valley Hospital, Dayton, Ohio. 


The quest for a practical clinical means of 
measuring cardiac work or work capacity as 
a diagnostic and prognostic tool has led to the 
development of a simple technique for the 
determination of cardiac output using radio- 
iodinated serum albumin. The test consists 
of (1) placing a large diameter (23 in.) 
scintillation detector over the chest wall 
immediately adjacent to the heart, (2) the 
instantaneous injection of a small amount 
of RISA into an arm vein, (3) the direct 
recording of the radioactivity level as the 
material passes through the heart the first 
time, (4) the determination of blood volume 


and (5) the relatively facile analysis of the 
curve recorded. This development permits 
studies of cardiac output under heavy exer- 
cise, in any position, and under almost any 
simulated or actual condition. 


Use of Low Wattage Reactors in Medicine: 
Rospert P. Geck ier, Aerojet-General 
Nucleonics, San Ramon, California. 


Low power reactors are useful for several 
purposes in the medical field—for training, as 
a source of certain radioisotopes, particularly 
those of short half life, and as a radiation 
source for study of chronic effects in animals. 
The AGN-201 and AGN-201-M_ nuclear 
reactors operating at 0-1 W and 5 W, respec- 
tively, are presented as examples. The advan- 
tages of these reactors, in terms of usefulness, 
safety, cost, maintenance and operation are 
discussed. For each reactor, the amounts 
of radioisotopes which can be produced 
under various conditions are presented and 
examples of their use in medicine cited. The 
types of research studies which can be 
undertaken are discussed. 


A Study of Uptake of P*, I'*!, and Zn® 
by Experimental Malignant Melanoma: 
James F. O’Rouxe, M.D., RosBerr 
B.S., and HumMpHREY PATTON, 
B.S. 


Using S91 Cloudman experimental malig- 
nant melanoma, uptake studies of Zn® and 
I131 were done at intervals from 1-72 hr 
by wet ash method of tissue assay. Results, 
expressed as Differential Absorption Ratio, 
indicate the Zn® uptake to exceed that of 
P82 by significant amounts while uptake of 
(as Nal) assumed an _ intermediate 
position. A discussion of tumor uptake based 
on enzyme dependency versus mitotic rate 
dependency follows. 


A useful formula for calculating the counting 
rate of a detector immersed into extended 
gases and liquids 


In MANY tracer investigations the activity measure- 
ments are performed in large volumes of liquids (or 
gases) with homogeneously distributed dissolved 
tracers. When planning such work it is of great value 
to have possibilities for calculating the counting rate 
obtained as a function of the amount of tracer added 
to a known volume of the solvent. This is possible e.g. 
for tracers emitting f- or y-rays in “‘infinite’’ volumes 
under assumption of exponential absorption, which is 
an approximation. If the disintegration rate in the 
solution is n dpm per unit volume, the number of 
quanta (particles) from the volume dV entering a 
detector through the surface area dA is, with symbols 
of Fig. 1 


jit 


assuming one quantum (particle) emitted per dis- 
integration. The linear absorption coefficients are yu 
in the solution and yw’ in the detector wall, the 
thickness of which is d. 


(ert u’d/cos 0) 


The volume element dV is 
dV =r.d6.r.sin6.dd.dr 


n 2:7 
Thus N [a 
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where ¢ is a function of the wall thickness as shown in 
Fig. 2. The values of Ei(— x) for different values of 
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Fic. 2. ¢ for different values of u’d. 


x are taken from Jahnke-Emde, Funktionentafein, 
p. 78. 

If a detector with the total sensitive surface area A 
is immersed into the solution the obtained counting 
rate is thus 


(n is the average internal efficiency of the detector). 

In those cases when the thickness of the detector 
wall can be neglected, e.g. when y-emitting tracers 
are measured with thin-walled scintillation detectors 
é in the above formula = 1. 

The above formulae have been used in the planning 
of ventilation studies with f-emitters as well as 
investigations with y-emitters of the flow character- 
istics of large recipients for sewage or industrial 
wastes. They were in all cases found to be good 
approximations of the counting rates actually 
obtained. 

GUNNAR ANIANSSON 
Lars-G. ERWALL 


Division of Physical Chemistry 
Royal Institute of Technology 
Stockholm, Sweden 
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Technical notes 


In Vivo Radiotracer Stability of a Tritium 
Compound* + 


(Received 20 February 1957) 


Radioisotopic labeling of biochemical tracer com- 
pounds has to date been accomplished by diverse 
chemical reaction techniques and _ biosynthetic 
procedures. The recently announced “‘self-radiation”’ 
method of tritium labeling) appears to offer 
numerous advantages over other labeling techniques. 
This is true for all compounds but particularly so 
for those compounds difficult or impossible to 
synthesize as well as compounds whose structures 
are unknown. A severe test for the applicability 
of this labeling method to biochemical tracer 
research is digitoxin, a very labile cardiac glycoside 
which cannot withstand numerous laboratory tech- 
niques usually employed in removing “‘exchangeable”’ 
tritium atoms. Through the co-operation of Drs. 
Wi11zBacu and Brown, Chemistry Division, Argonne 
National Laboratory (ANL), we were able to 
obtain self-radiation-labeled H-digitoxin and demon- 
strate the feasibility of using this labeling procedure 
in biochemical tracer investigations. 

Materials and methods. Approximately 450 mg 
of nonradioactive digitoxin (Nutritional Biochemical 
Co.) was sealed with 7-5 curies of tritium gas and 
allowed to react for 1 week. Exchangeable tritium 
was removed by ethanol washing and the compound 
purified by means of Decalso chromatography,'?) 
charcoal decolorization and_ recrystallization to 
constant melting-point and specific activity using 
ethanol-water and chloroform-ether as_ solvents 
for crystallization. Chromatographic strip analyses 
were made using various solvent systems.'?,3,4) 
Continuous radiograms of the paper strips were also 
taken using a Forro chromatogram scanner, a 
Nuclear-Chicago count-rate meter (model 1620), 
and an Esterline-Angus graphic ammeter. 

The crucial question of in vivo stability of the 
radioactive label was answered by use of a double- 
labeling experiment utilizing biosynthetically-labeled 
Cl4-digitoxin and the H®-digitoxin. A mixture of 
the C! and H® drug was injected intravenously 
into two rats and the unchanged glycoside recovered 
from the first 24 hr urine and faeces samples. 


*Presented in part at the 1956 Fall Meeting of the 
American Society for Pharmacology and Experimental 
Therapeutics, French Lick, Ind. (Abstract, 7. Pharm. and 
Exp. Ther. January, 1957). 

+This work was done under a contract between the 
Atomic Energy Commission and the University of 
Chicago. It was also aided in part by a grant from the 
Life Insurance Medical Research Fund and the Dr. 
Wallace C. and Clara A. Abbott Memorial Fund. 
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The radioactivity in the individual H? and Cl4 
solutions and the radioassay of the double-labeled 
injected mixture and the glycoside recovered from 
the urine and faeces were determined by a double- 
label counting method‘) using a Packard Tri-Carb 
liquid scintillation spectrometer (Packard Instrument 
Co., La Grange, IIl.) 

Results. The original sample from ANL was 
found to have numerous radioactive contaminants 
and had to undergo extensive purification, including 
six Decalso columns and numerous crystallizations, 
before radiochemical purity was obtained. The 
specific activity of the compound decreased from 
513 yc/mg to a constant 75 yc/mg in the final 
product. The product had a melting-point of 
254-257°C. and crystalline structure similar to that 
reported by WinpAus and Freese.‘ It gave the 
same Rf values on paper strips as that of digitoxin 
obtained from three different laboratories. In 
addition. paper chromatography using three different 
solvent systems'?,3,4) showed the same Rf as non- 
radioactive digitoxin. Each system yielded a single 
radioactivity peak coinciding with the alkaline 
picrate color band when the radioactive drug was 
run alone (Fig. 1) and when mixed with non- 
radioactive digitoxin. Distribution of the isotope 
within the molecule is as yet undetermined. 

Cardiotonic activity of the purified compound 
was verified by Langendorf perfusion of isolated 
guinea-pig hearts. 

Within the limits of experimental error, the 
double-label ratios (Fig. 2) indicate in vivo radio- 
stability of the compound and commends self- 
radiation labeling to biochemical tracer studies if 
meticulous care is taken in regard to radiochemical 
purity and the in vivo stability of the product. 

Discussion. Self-radiation labeling of compounds 
offers numerous advantages to biochemical tracer 
technology. Among these are (1) ease of labeling, 
(2) high specific activities (detection of 0-0002 ug 
of digitoxin is possible), (3) unlimited quantities of 
tracer compound, (4) inexpensive (the cost of 
tritium used was $15-00), and (5) ability to label 
compounds difficult or impossible to label by other 
means. 


dpm | 
| 

| 

971,362 | 
217,324 | 
11,986 | 
5,152 | 


Sample 


dpm | H2/C14 


4-48 
4-68 
4-12 
4-70 


216,745 
46,480 
1,097 


| 
| 
Individual assays | 
Injected mixture | 
Urine 
Faeces 

| | 
Fig. 2. H®-digitoxin: C1-digitoxin ratios. 


168 


The only limitation on this labeling method 
(as on other methods) is that the burden of proof 
concerning its legitimacy as a biochemical tracer 
lies with the particular compound in use. In 
biochemical tracer work the various physical criteria 
of purity considered absolute in the analytical 
chemistry laboratory are a minimum requirement 
and represent only the beginning of ascertaining 
radiochemical purity (i.e. 0-01°% gravimetric im- 
purity may account for alf the radioactivity). 
Removal of radioactive contaminants as well as 
“scrubbing” of the molecule by diverse procedures 
to remove all labile radioactive atoms is necessary. 
‘This is well demonstrated where self-radiation- 
labeled 3-amino-1,2,4-triazole recrystallized to fairly 
constant specific activity in water was found to 
yield evenly dispersed radioactivity throughout 
a paper chromatographic strip, thereby showing 
that contaminants or labile atoms were still pre- 
valent.” 

We strongly recommend that thorough “‘scrubbing”’ 
of tritium self-radiation labeled compounds be 
accomplished by (1) washing with water, alkali, or 
hydrogenated organic solvents, (2) crystallizations 
from hydrogen-containing systems, or (3) chromato- 
graphic procedures using adsorbent and/or hydrogen- 
containing solvents as “‘exchangers.”’ The preparative 
use of multifraction chromatographic analyses cor- 


relating quantitative assay and radioassay can be an 
extremely valuable technique in the resolution 


of radiochemical contaminants. In addition, the 
analytical use of different chromatography systems 
with varying resolution characteristics can prove to 
be a very important tool in checking the radio- 
chemical purity of a “‘chemically pure” compound. 
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We believe that this present report establishes 
the legitimacy of using tritium self-radiation labeling 
in biochemical tracer use of digitoxin and that the 
method is applicable to other biochemical tracer 
compounds if purity and in vivo radiotracer stability 
is established. 


Acknowledgment—The authors would like to thank 
Drs. WitzBAcu and Brown for their co-operation 
in the labeling of the compound. 


James L. Spratr* 

GerorceE T. OxirTa 
Department of Pharmacology E. M. K. Gertinc 
and Argonne Cancer Research 


Hospital, University of Chicago 
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Une session de l’enseignement aux utilisateurs de 
radioéléments s’est tenue a Saclay du 20 mai au 
30 juin. Il y aura une autre session qui se tiendra 
du 7 octobre au 17 novembre 1957. Pour la premiére 
session de 1958 les inscriptions seront recues jusqu’au 
20 mars 1958. 

L’enseignement aux utilisateurs de radioéléments 
est maintenant rattaché a I’Institut National des 
Sciences et Techniques Nucléaires qui fonctionne 
a Saclay et qui organise également un cours de génie 
atomique et un cours de radiobiologie. 

Ces cours sont ouverts a des éléves francais ou 
étrangers justifiant des qualifications suffisantes. 

Un service d’étalonnage de radioéléments fonc- 
tionne au Commissariat a |’Energie Atomique. Les 
demandes doivent étre adressées a: 

Section de mesure des radioéléments 
B.P. N°. 2, Gif-sur-Yvette (Seine-et-Oise). 


O.E.E.C. 


O.E.E.C. organizes second information conference on nuclear 
energy for management 
The second Information Conference on Nuclear 


Energy for Management was held in Amsterdam 
from 24 to 29 June during the international ‘‘Atom”’ 


exhibition. It was organized by the European 
Productivity Agency of the O.E.E.C. with the 
assistance of the O.E.E.C. Nuclear Energy Secretariat. 

The purpose of this Conference, which was a 
follow-up of that held in Paris at the beginning of 
April, was to provide industrialists with information 
on: 

— the organization and progress of nuclear 
research (including fusion) and the part played 
by industry in this field; 

— nuclear fuel resources, mineral prospecting, the 
manufacture of fuel elements and the treatment 
of irradiated fuels; 

— nuclear energy as a source for generating electric 
power and for propulsion: technical, economic 
and financial problems; 

— risks resulting from nuclear installations: the 
effects of radiation: methods of protection: the 
liability of operators of nuclear plant and 
insurance coverage. 

Talks were given by representatives of the Atomic 
Energy Commissions of O.E.E.C. Member and 
Associated countries, or by representatives of 
industries with experience in this field. Those taking 
part in the Conference were also present at the 
inauguration of the “Atom” exhibition organized by 
the Netherlands Government. 


t 


1. Hearings before the Joint Committee on 
Atomic Energy of the U.S. Congress were held in 
February. Developments in the Atomic Energy 
Commission’s major programs were summarized. 
Items of interest on isotope utilization included the 
news that 3663 organizations in the United States 
have been licensed to possess and use radioisotopes 
as of December 1956. 

2. The United States sponsored an Inter-American 
Symposium on Nuclear Energy at Brookhaven 
National Laboratory, Upton, L.I., New York, 
13-17 May 1957. In addition to developments in 
reactor technology, applications of isotopes in 
industry, medicine, agriculture, and research were 
covered. 

3. The second annual Industrial Nuclear Tech- 
nology Conference on Non-Power Applications of 
Nuclear Technology, including applied radiation 
and isotopes, was held 14-16 May at Chicago, 
Illinois. The meeting was sponsored by the Armour 
Research Foundation and the journal Nucleonics. 

4. The third annual meeting of the Health 
Physics Society will be held 17-19 June 1957, at the 
University of Pittsburgh, Pittsburgh, Pennsylvania. 

5. The Society of Nuclear Medicine wili hold 
its fourth annual meeting 20-23 June at the Skirvin 
Hotel, Oklahoma City, Oklahoma. 

6. Northwestern University will hold a conference 
on Liquid Scintillation Counting at the Tech- 
nological Institute, Evanston, Illinois, 20-22 August 
1957. A wide range of topics on the theory and 
application of liquid scintillators will be covered. 


Conference on Liquid Scintillation 


Further to the preliminary announcement (in Vol. 2 

No. 1) of the Northwestern University Conference on 

liquid Scintillation Counting to be held 20-22 

August 1957, the preliminary programme is given 

below. 

20 August Chairman: C. G. BELL 

0930-0950: Welcoming Remarks 

0°50-1035: Opening Adress: H. Katytman, New 
York University 

“Limits of Sensitivity of Liquid Scintil- 
lation Counters”: R. K. Swank, 
Argonne National Laboratory 

20 August Instrumentation Session. Chairman: E. C. 

ANDERSON 

R. D. Htesert, Los Alamos Scientific 
Laboratory 

L. F. SLatrery, 
Corporation 


1045-1130: 


1330-1355: 


1400-1425: Remington-Rand 
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1430-1455: L. E. Packarp, Packard Instrument 


Company 

1500-1525: G. R. Urrine, Technical Measurement 
Corporation 

1530-1555: R. Sree.e, Brookhaven National 
Laboratory 


1600-1625: T. S. Hopcson, Shell Oil Company 


21 August Round-Table Discussion on “‘Chemistry of the 
Counting Solution’’ Chairman: F. N. Hayes 
J. D. Davipson, National Institutes of 
Health 
S. Herr, Picatinay Arsenal 
D. G. Orr, Los Alamos Scientific 
Laboratory 
N. S. Rapin, Veterans Research Hos- 
pital, Chicago 
H. H. Sexicer, National Bureau of 
Standards 
21 August General Applications. Chairman: D. G. OTT 
1300-1340: ‘‘Archaeology and Chemistry”, J. R. 
ARNOLD, Princeton University 
1345-1425: “Biology and Medicine’, W. H. 
LancHAM, Los Alamos Scientific 
Laboratory 
1430-1510: ‘“‘Engineering’’, C. G. Bell, Northwestern 
University 
1515-1555: ‘Industry’, V. P. Gury, shell Develop- 
ment Company 
1600-1640: ‘Physics’, F. B. HARRIson, Los Alamos 
Scientific Laboratory 


22 August Specific Applications (short contributed papers) 


U.S.S.R. 


A CONFERENCE on radiation chemistry was held in 
Moscow from 25 to 30 March 1957. It was sponsored 
by the Chemical Division of the Academy of Sciences 
and the Ministry of Chemical Industry. Many 
contributors from various scientific and industrial 
institutions of the U.S.S.R. and also scientists from 


China, Bulgaria, Czechoslovakia, Poland, Jugoslavia 


and Roumania took part in the conference. 


The conference was devoted to elementary pro- 


cesses in radiation chemistry, to the effect of nuclear 
radiation on water and aqueous solutions of inorganic 
substances, to radiation induced electrochemical and 
corrosion processes, to the action of radiation on 
various organic substances and polymers, as well 
as to problems connected with the design of radiation 
sources for investigation of radiation induced chemical 
reactions. 

The first meeting was concerned with mass- 
spectroscopic methods for investigation of elementary 


processes, initiated by ionizing radiation and such 
problems as oxidation of gaseous nitrogen by elec- 
tronic impact, measurements of electron para- 
magnetic resonance in radicals, and the calculation of 
radical distribution in tracks accounting for their 
recombination and diffusion and their interaction 
with the acceptor in case of considerable ionization 
density. 

In the field of aqueous solutions one of the papers 
reported on the mechanism of molecular product 
formation in water radiolysis, a problem of great 
theoretical and practical importance. Papers were 
also presented on the effect of radiation on concen- 
trated aqueous solutions, for instance on the depen- 
dence of radiation yields in the oxidation of ferrous 
solutions and decomposition of oxalic acid, on slow 
proton energies and also on the kinetics of radiation 
induced oxidation of tetravalent uranium solutions. 

The conference discussed also possible methods o 
increasing the effect of nuclear radiation. 

A series of papers dealt with electrode processes in 
aqueous solution initiated by irradiation. 

Special attention was given to a problem of great 
importance for the atomic industry namely to the 
radiation corrosion of metals. A possible mechanism 
of the effect of radiation on corrosion rate and metal 
passivation was suggested and problems of metal 
protection were discussed. 

Many papers were concerned with the radiolysis 
of organic substances and with other radiation induced 
reactions, in particular with the effect of radiation on 
polymer substances and rubbers. 

Considerable attention was paid to the action of 
ionizing radiations on various components of bio- 
logical systems. 


A CONFERENCE on radioactive and stable isotopes in 
science, agriculture and industry was held in Moscow 
from 4-12 April 1957. The four sections of the 
conference covered: (a) chemistry, (b) biology, 
medicine and agriculture, (c) engineering and 
(d) production of isotopes and the design of y-ray 
apparatus. 

The Chemistry Section meeting was devoted to 
kinetics and the mechanism of chemical reactions, 
radiation chemistry, analytical chemistry and tech- 
nology control, and radiochemistry and chemical 
methods in isotope production. 

Some 900 specialists attended this section. Among 
other scientists there also were eleven distinguished 
scientists from U.S.A., France, Jugoslavia, India, 
China, Korea, Mongolia, Roumania, and Czecho- 
slovakia. Forty papers were accepted for presen- 
tation. 

Two meetings were devoted to tracer methods for 
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detailed study of chemical reaction mechanisms and 
the dependence of radioactivity of various compounds 
on their structure. The papers read dealt with radio- 
lysis of water and aqueous solutions, radiolysis of 
organic compounds, radiation induced polymerization 
and the effect of radiation on polymers. 

The analytical subdivision was concerned with 
problems of activiation analysis, the production of 
carrier-free radioactive isotopes and their possible 
applications in analytical chemistry, the use of tracer 
methods for control of impurities in crystallization 
orocesses, extraction and adsorption, and also 
electrochemical methods used in studies of the radio- 
active elements, behaviour and the synthesis of traced 
organic preparations. Various applications of isotopes 
and new useful techniques were discussed. 

The Biology, Medicine, and Agriculture section was 
subdivided into radiobiology, medical radiology, 
biochemistry and physiology, agricultural chemistry 
and soil science, and use of applied radiations and 
isotopes in cattle-breeding, fishery and industry. 

Two hundred and twenty-four papers of Soviet 
scientists and ten papers of scientists from other 
countries were read at this section. Fifteen hundred 
participants were present. New results were reported 
on peptide bonds in plant organisms, photosynthesis, 
chlorophyll, terpene and rubber synthesis, biological 
fixation of nitrogen by root-nodules, tracer methods in 
investigations on plant uptake of phosphorus, sulphur 
and carbon from mineral and organic compounds, 
renewal of proteins in brain tissue, evolution of 
oxidative phosphorylation in animals and the signi- 
ficance of bromide for living organisms. Papers on 
fertilization techniques in agriculture and the theory 
and practice of nutrition of cotton plant, potatoes, vine 
and tea shrub by foliar application should be men- 
tioned as being of considerable practical importance. 

Of special interest were papers on the biological 
effects of radiation, such as the nature of hemorrhages 
in radiation injuries, changes in barrier functions of the 
living organism, local and total effect of irradiation 


on cells and cell metabolism. Among papers on 
medical radiology attention must be drawn to 
luminiscent analysis of early changes in blood and 
bone marrow of irradiated animals, works on the 
course of the radiation disease in relation to age and 
on anomalies in offsprings of irradiated pregnant 
animals. 

Papers on treatment of pituitary gland tumours by 
radioactive cobalt, treatment of oesophagus cancer 
and use of Tm” in field radiography should also be 
mentioned. 

Of practical interest were the papers on application 
of y-irradiation for prolonged storage of potatoes, 
disinfestation by radiation of corn in granaries, 
ccuservation of silkworm cocoons, and use of 
radiations in the preparation of drugs for preventive 
and therapeutical use. 

The Engineering and Industry section dealt with 
metallurgy and metallography, mechanical engineer- 
ing, technology control, instrumentation, various 
methods and apparatus for radiometry and radiation 
dosimetry, and exploitation of natural resources. 
Some 1500 participants were present at this section 
meeting. One hundred and sixty-two papers were 
read by various scientists and industry workers, 
covering such topics as problems of ferrous and non- 
ferrous industry, the theory of flotation processes and 
studies of adsorption phenomena, blast-furnace and 
open-furnace processes and also tracer techniques in 
technology. 

The meeting of the section dealing with isotope 
production and y-ray apparatus design was attended 
by 650 delegates including scientists from China, 
Czechoslovakia and Jugoslavia. The 24 papers that 
were read on this meeting were concerned with the 
design and application of y-ray apparatus for 
experimental and commercial use, new methods for 
isotope production, design of radiation sources, 
spectroscopic analysis of impurities in radioactive 
preparations and techniques of stable isotope 
separation. 
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fortheomin papers 


W. B. Rem and H. E. Jouns: An automatic brain  B. Laruente, A. Gotpsuirn, and B. E. Proctor: 
scanner. Some further studies on the application of methy- 
lene blue in aqueous solution as a dosimeter for 


M. B. Neman: A new tracer method for kinetic intense beams of high-energy radiations. 


investigations. 


I. M. Rozman and K. S. Zmmer: The damage of 
plastic scintillators by ionizing radiations. 


VOL. 
2 
195° 
172 


Foreword 


In the first year of its existence, the International Journal of Applied Radiation and 
Isotopes has proved of great value and has made many friends. It is most fitting, 
therefore, on the anniversary of its foundation, that it should publish this issue to 
commemorate the Paris Conference. From many countries, those interested in the 
application of isotopes and radiation studies have assembled in the capital which 
witnessed the discoveries of radioactive radiation, that of radium, and of artificial 
radioactivity. When, in the last days of 1912, radioactive substances were first 
applied as indicators, there was no doubt as to the usefulness of the method intro- 
duced; however, the subsequent developments could hardly have been foreseen. 

The vast number of applications of radioactive tracers today is, in the first place, 
due to the creation of artificial radioactivity, and it is appropriate that this Conference 
be held in the city in which this immensely important event took place. 

The cyclotron was the next important invention and later came the construction 
of the nuclear reactor. These advances have made possible the most important 
achievements of the Oak Ridge, Chalk River, and Harwell laboratories which 
now produce about a thousand different labelled compounds. The availability 
of these compounds was of the utmost importance in facilitating the application of 
radioactive tracers. 

For the first decade after its introduction the method of radioactive indicators 
found application only in the realm of inorganic and physical chemistry. Later 
their application in the biological sciences came more and more into the fore- 
ground. While it can hardly be expected that the latter will lose its leading position, 
there is an increasing challenge from industrial applications of radioactive tracers 
which already cover a large field. This field can be expected to undergo still greater 


expansion in the years to come. 
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The rapid publication of isotope and radiation techniques which are today 


being used on such an immense scale, requires an international journal which can 


be devoted solely to this fast-growing field of research. The Editors and Publishers 
of the International Journal of Applied Radiation and Isotopes have accordingly under- 
taken publication of this most useful Conference Issue, which includes the abstracts 
of all the Conference pavers, and a bibliography of the uses of isotopes and applied 


radiation. The Editors welcome the submission of manuscripts by scientists from 


all parts of the world. 
G. HEvEsy 
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UNITED NATIONS EDUCATIONAL, 
SCIENTIFIC AND CULTURAL ORGANIZATION 


ORGANISATION DES NATIONS UNIES POUR 
L’EDUCATION, LA SCIENCE ET LA CULTURE 


International Conference on Radioisotopes 


in Scientific Research 
(Paris, 9-20 September 1957) 


Conférence Internationale sur les 


Radioisotopes dans la Recherche Scientifique 
(Paris, 9-20 Septembre 1957) 


CONFERENCE TIME-TABLE PROGRAMME DE LA CONFERENCE 


Paper Numbers 


MONDAY—LUNDI—9 Communications 

Morning—Matin 

Session | Opening of the Conference and Presidential Address 

Séance | Ouverture de la Conférence et discours du Président 
Afternoon—Apreés-midi 

Session 2A Production of Radioisotopes I 

Séance 2A Production de radioisotopes | 

Session 2B Pharmacology 15 


TUESDAY—MARDI—10 
Morning—Matin 


Session 3A’ Production of Radioisotopes II 13. 16. 191 
Séance 3A’ Production de radioisotopes IT 
Session 3A" Dosimetry 192*, 2 
Séance 3A Dosimétrie 

Session 3B Thyroid; Iodine Metabolism 
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Afternoon—Aprés-midi 
Session 4A Design and Use of Strong Sources 
Séance 4A Préparation et utilisation de sources intenses 


Session 4B Lipid Metabolism , 
Séance 4B Métabolisme des lipides 


WEDNESDAY—MERCREDI—11 


Morning—Matin 
Session 5A Physics of Metals 93% 
Séance 5A Physique des métaux 


Paper Numbers 
Communications 


20, 19; 21, 22, 23 


16, 117, 95*, 97, 96, 87 


, 90, 26, 28, 193, 27, 29 


Session 5B Blood and Blood Proteins | 159. 112. 111. 114. 113. 160. 90 


Séance 5B Sang et protéines plasmatiques { 


Afternoon—Aprés-midi 
Session 6A Metallurgy | 
Séance 6A Metallurgie | 


71, 32, 68, 67, 66, 194 


Session 6B Nucleic Acids | 161, 94, 92, 93, 162, 163 


Séance 6B Acides nucléiques | 


THURSDAY—JFEUDI—12 
Morning—Matin 


Session 7A Industrial Applications | 
Séance 7A Applications industrielles | 


Session 7B Protein and Amino-Acid Metabolism 
Séance 7B Métabolisme des protéines et des acides aminés 


Afternoon—Apreés-midi 


73, 195, 72, 74, 136, 75 


164, 165, 84, 91, 89, 85 


Session 8A Solid State Physics I | 197a. b. 44, 198. 24, 69. 25 


Séance 8A Physique de l’état solide I | 


Session 8B Metabolism in Brain and Nervous System 
Séance 8B Métabolisme des tissus cérébraux et des tissus nerveux 


FRIDAY—VENDREDI—13 
Morning— Matin 
Session 9A’ Solid State Physics II 
Séance 9A’ Physique de ]’état solide II 


Session 9A” Organic Chemistry I 
Séance 9A” Chimie organique I 


Session 9B Clinical Physiology—Reproduction 
Séance 9B Pathologie expérimentale—Reproduction 


166, 167, 106, 
168, 88, 83 


41, 30, 70 


61, 54, 199 


103, 105, 101, 169, 
118, 170, 115*, 
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FRIDAY—VENDREDI—13 Paper Numbers 


(cont’d)—(suite) Communications 


Afternoon—Apreés-midi 


Session 1OA 
Séance 10A 


Session 10B 
Séance 10B 


Morning—Matin 
Session 11A 
Séance 11A 


Session 11B 
Séance 11B 


Organic Chemistry II 56, 57, 58, 60, 55 
Chimie organique II 


Mineral Metabolism I | 
Métabolisme des minéraux Ij 79, 77, 78, 76, 81, 171, 172 


MONDAY—LUNDI—16 


Recoil Chemistry | 14, 15, 200*, 10*, 
Processus chimiques provoqués par le recul des noyaux | 201, 202, 203 


Mineral Metabolism II | 
Métabolisme des minéraux II | 104, 110, 102, 173, 82, 174 


Afternoon—Aprés-midi 


Session 12A 
Séance 12A 


Session 12B 
Séance 12B 


Morning—Matin 
Session 13 
Séance 13 


Analytical Chemistry I | 
Fission Products Metabolism in Soils, Plants and Mammals m 
Métabolisme des produits de fission dans le sol, les végétaux 
es 143, 142, 144 
et les mammiferes 


TUESDAY—MARDI—17 


Methods and Techniques I 
Méthodes et techniques I 9, 204*, 6, 4, 7, 5, 1, 205, 146 


Afternoon—Apreés-midi 


Session 14 
Séance 14 


Morning— Matin 
Session 15A’ 
Séance 15A’ 


Session 15A” 
Séance 15A” 


Session 15B 
Séance 15B 


Methods and Techniques II ) 
Méthodes et techniques II j 147, 148, 149, 150, 206, 207, 208, 209, 210 


WEDNESDAY—MERCREDI—18 


Analytical Chemistry II 
Chimie analytique IT 47, 46, 51 


Physical Chemistry I } 
Chimie physique I { 39, 241, 212, 215 


Nutrient Assimilation in Plants 119, 177, 120, 178, 132, 136 
Assimilation par les plantes 


Afternoon—Aprés-midi 


Session 16A 
Séance 16A 


Session 16B 
Séance 16B 


Physical Chemistry II is 
Chimie physique II 37, 59°, 42, 3*, 214, 45, 43 


Translocation in Plants | 
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Morning—Matin 


Session 17A 
Séance 17A 


Session 17B 
Séance 17B 
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THURSDAY—FEUDI—19 


Physical Chemistry ITI | 
Chimie physique III | 


Photosynthesis | 
Photosynthése | 


Afternoon—Aprés-midi 


Session 18A 
Séance 18A 


Session 18B 
Séance 18B 


Morning—Matin 


Session 19A 
Séance 19A 


Session 19B 
Séance 19B 


Geophysics I | 
Géophysique I | 
Plant Biosynthesis 


Biosynthése par les végétaux | 


FRIDAY—VENDREDI—20 


Geophysics II 
Géophysique II 


Plant Metabolism 
Métabolisme végétal 


Afternoon—Aprés-midi 


Session 20A 
Séance 20A 


Session 20B 
Séance 20B 


Parity Problems in Physics 
Problémes de parité en physique 


Productivity of Oceans and Lakes 
Productivité dans les mers et les lacs 


included in this issue. 


+ Withdrawn. 


Paper Numbers 
Communications 


215, 34, 40, 216, 35, 145, 36 


123, 122, 182, 121, 183, 184 


64, 217a, b, 218, 62, 8* 


128, 185, 131, 130, 129, 186 


219, 220, 221, 63, 222, 65 


126, 125, 127*, 124, 187 


223, 224, 225 


139, 140, 138, 188, 137 


* These papers will not be read in the sessions, but abstracts are 


Numbers 38, 80, and 86 are not listed in this programme, 
but the abstracts are included in this issue. 
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UNITED NATIONS EDUCATIONAL, 
SCIENTIFIC AND CULTURAL ORGANIZATION 


Abstract of Papers Presented at International 


Conference on Radioisotopes in Scientific 


Research 


1 


An Array of Geiger Counters for Measur- 
ing Chromatograms or Other Distri- 
butions of Radioactivity. C. W. GriLBert 
and J. P. Keene, Christie Hospital and Holt 
Radium Institute, Manchester, U.K. 


An apparatus has been constructed to measure the 
distribution of radioactivity along a 30 cm chromato- 
gram. The same principles can be used to design 
apparatus to measure other one- or two-dimensional 
distributions. The radiation is detected by an array 
of 30 f-sensitive Geiger counters at 1 cm spacing in a 
single envelope. This enables measurements to be 
made some 30 times more rapidly than is possible by 
the use of one counter alone. Thus the whole of a 
chromatogram 30 cm long with active spots as low as 
a few counts per minute (order 10-! c) can be 
accurately measured with a single exposure of a few 
hours. Chromatograms containing a moderate 
amount of radioactivity can be measured in a few 
minutes. 

A unique feature of the apparatus is the simple 
method for determining the counting rate of each 
counter. A part of the electrical charge passed by 
each counter is collected by a probe and is stored ona 
condenser of high insulation. At the end of an 
exposure the voltages of the thirty condensers are 
read by an electrometer. ‘These readings are pro- 
portional to the activities under each counter. The 
apparatus can be designed either as a sealed-off 
counter or as a flow counter working at atmospheric 
pressure and using a very thin window suitable 
for Cl, 


2 


Investigations of Functioning Electronic 
Spectra in the Dosimetry of B- and 
y-Radiations. K. K. Acuintsev, V. P. 
KasaTxkin, and V. V. Smirnov, U.S.S.R. 


A system of dosimetry of f- and y-radiations is 
being elaborated, based on the investigations of 
functioning energy spectra of electrons in the fields of 
B- and y-emitters. 

The experimental method consists in parallel 
measurements of electronic spectra and the dose rate 
in the fields of f- and y-emitters. The electronic 
spectra are examined by means of magnetic and 
scintillation spectrometers. This method has been 
employed in solving a number of dosimetric problems. 

The method is helpful in determining the values of 
surface and depth doses of f-radiation at any point of 
the field of the f-emitter of any configuration and 
length, radiochemical composition and given full or 
specific activity. 

An interpretation has been suggested of the 
dependence of the absolute efficiency of ionization 
chambers, counting tubes and films used for recording 
y-radiation from the energy of y-quanta. 

A method has been evolved for determining the 
efficiency of ionization chambers and counting tubes 
for f-radiation depending on the parameters of /- 
emitters. 

It is shown that a comparison between functioning 
electronic spectra and spectral sensitivity of ioniza- 
tion chambers, counting tubes and films permits to 
establish rational methods for calibrating dosimetric 
instruments. 
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3 


New Techniques for the Precision 
Measurement of Gamma Rays and 
Fast Neutrons with Chemical Dosi- 
meters. Grorce V. Tapiin, Atomic 
Energy Project, University of California, Los 
Angeles, U.S.A. 

Development of various chemical systems employing 
chlorinated hydrocarbons and aqueous pH indicator 
dyes has been conducted during the past seven years. 
The principle underlying all of these systems is the 
direct relation between acid formation from a 
chlorinated hydrocarbon and radiation dose. When 
pure trichloroethylene is added to aqueous phenol 
red (pH 7:5) to the point of saturation (0-1 per cent) 
and the system is prepared under CO,-free conditions, 
it provides a highly sensitive means for radiation 
measurement. Dosimeters are produced by filling 
silicone-coated Neutraglass ampules and then flame- 
sealing them under a hood filled with helium gas. 
These aqueous phenol red CO,-free trichloroethylene 
dosimeters have a linear response to y-rays and fast 
neutrons. They are highly stable to heat and sun- 
light and resist freezing and thawing. Their response 
to y-radiation is dose-rate independent over broad 
ranges of radiation intensity (15 r/hr to 10° r/min). 
They have a flat spectral response between 0-1 and 
1-2 MeV and exhibit little temperature dependency 
when irradiated at temperatures between 2-65°C. 
When these dosimeters are frozen solid at —70°C 
their response to y-rays and fast neutrons is reduced 
nearly 100-fold. 

By using a modified Klett photoelectric colori- 
meter and by selecting ampules of uniform diameter, 
these dosimeters can be read individually with an 
accuracy of +2-—5 per cent and in groups of 5-10 the 
average reading is correct to +1 per cent. Their 
relative response to fast-neutron radiation (mean 
energy 8 MeV) is 0-45 + 0-05. When similar dosi- 
meters are prepared with tetrachloroethylene and 
overlayered with CO,-free phenol red, they respond 
equally to X- and y-radiation but are 5-6 times less 
sensitive to fast neutrons because the tetrachloro- 
ethylene contains no hydrogen. Simultaneous 
exposure of both types of dosimeters thus provides a 
means for measuring either y-ray contamination or 
the fast-neutron component in mixed neutron-gamma 
fields. 

4 


A Simple Liquid Scintillation-Counter 
for Measuring Tritium and Carbon-14. 
C. P. HatcH, EKCO Electronics Ltd., 
Southend-on-Sea, U.K. 


Beta emitting isotopes are conveniently measured 
by a scintillation method employing a preparation of 


the isotope in solution with a liquid phosphor. With 
isotopes of low f-ray energy, such as C!# and H? for 
which the method appears particularly attractive, a 
limiting factor is the thermionic noise from the 
photomultiplier tube. Coincidence techniques and 
refrigeration, resulting in rather elaborate and 
expensive equipment, have been used previously to 
reduce the number of thermionic pulses but improved 
phototubes have now made possible a useful per- 
formance at low f-ray energies with relatively simple 
equipment. 

An apparatus is described which uses a single 
photomultiplier tube in conjunction with a con- 
ventional linear amplifier. With a phosphor of 3 per 
cent diphenyl oxazole in toluene it provides for Cl, at 
ambient temperature, a counting efficiency of up to 
60 per cent with a total background of about 2 counts/ 
sec. Cooling to —20°C improves these figures to 
90 per cent and 1 count/sec respectively and, in 
addition, enables tritiated water samples to be counted 
with an efficiency of at least 20 per cent and a back- 
ground of about 20 counts/sec. The actual sen- 
sitivity obtained is a function of the composition of 
the combined phosphor and sample but the equip- 
ment is certainly capable of measuring down to 10~* c 
of tritium. 

The instrument has been used as a rapid, sensitive 
and accurate means of measuring total body water in 
humans with tritium. The results have been compared 
with those from heavy water given simultaneously. 


5 


Mesures des radioisotopes par la méthode 
du courant d’air ionisé. F. BEHOUNEK, 
Université Charles, Prague, Tchécoslo- 
vaquie. 

Récemment on a commencé a employer pour 
l’élimination des charges électrostatiques le courant 
d’air ionisé par le rayonnement des radioisotopes. 
Les rayons f d’Y® en équilibre radioactif avec le S® 
se prétent particuli¢rement bien a cette application. 
Au cours des recherches sur le rendement d’un tel dis- 
positif nous avons trouvé que le produit de la quantité 
d’air ionisée par unité du temps avec la quantité 
d’ions contenue dans un centimétre cube de Il’air est 
strictement proportionnel a l’activité des radio- 
isotopes Sr®? + Y%, 

Ceci suggére l’idée d’appliquer la méthode du 
courant d’air ionisé aux mesures des radioisotopes 
difficilement accessibles aux méthodes habituelles de 
mesure, telles que des contaminations radioactives 
des parois intérieures des tubes, des cavités, des 
fissures, etc. Pour les radioisotopes déposés ainsi et 
qui n’émettent pas de rayons y la méthode du 
courant d’air ionisé parait étre l’unique moyen 
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de détection. La sensibilité de la méthode est pour 
Sr9° + y9 de lordre d’un dixiéme de micro-curie 
pour l’activité totale. 


6 


Les scintillateurs liquides peuvent étre 
employés pour mesurer les activités 
béta molles sur papier-filtre avec une 
bonne sensibilité. C. Rovucayro., 
Professeur, Faculté de Médecine de Hom- 
bourg, Sarre. 


Le papier-filtre sert souvent de support a la radio- 
activité soit par simple raison de commodité, soit 
parce qu’il constitue le moyen nécessaire d’un 
processus analytique comme dans la chromatographie 
ou Jlélectrophorése; son seul inconvénient est 
d’absorber une fraction du rayonnement qui est 
d’autant plus importante qu’il s’agit de particules 
béta plus molles; il est alors inutile d’en explorer la 
surface avec un compieur de Geiger-Miiller ou méme 
a écoulement gazeux: l’activité, si elle est faible, 
n’est pas décelée. Pour remédier a cette situation on 
propose d’imprégner le papier-filtre avec un scintil- 
lateur liquide; une partie de |’énergie des particules 
que le papier absorberait est ainsi transformée en 
photons que l’on détecte d’autant plus aisément avec 
un photomultiplicateur que le support est devenu 
translucide. 

Le nombre de coups/min. enregistré avec une 
échelle commerciale est une fonction linéaire de 
l’activité et les résultats sont, moyennant certaines 
précautions, parfaitement reproductibles. 

Pour une tension d’alimentation fixe du photo- 
multiplicateur le nombre de coups/min. change avec 
le réglage du discriminateur inférieur d’amplitude; 
dans les conditions optima la sensibilité vis-a-vis des 
bétas du S** ou du C! est environ 100 fois supérieure 
a celle d’un compteur de Geiger-Miiller a fenetre de 
mica de moins de 2 mg par cm? avec échantillon a 
5 mm. 

Au prix d’une légére diminution de sensibilité on 
peut compter du S® ou du Cl en présence soit de 
P® soit 

Avec une qualité définie de papier-filtre, si 
l’activité reste la méme, on obtient toujours un méme 
nombre de coups/min.; mais d’une qualité a l’autre 
on observe des différences qui vont jusqu’a 
30%. 

Deux passeurs d’échantillons sont décrits: le 
premier fournit, suivant l’électronique associée des 
mesures relatives ou absolues d’activité quelle que 
soit la forme sous laquelle cette derniére se présente; 
a condition d’ajouter au scintillateur liquide un haut 
polymére qui empéche tout déplacement de l’activité 
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sur son support, le second permet d’explorer la 
surface d’un rouleau de papier-filtre avec lequel on le 
charge préalablement. 

Cette technique est appelée a rendre service non 
seulement aux biologistes qui font de la chromato- 
graphie ou de l’électrophorése sur papier avec des 
composés marquésa 1’H%, au S® ou au C4, mais, 
plus généralement, a tous ceux qui utilisent ces 
isotopes. 
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Very Fine-Grain Emulsions for Nuclear 
Research. N. A. Perritov, N. R. Novt- 
Kova, and E. I. Proxorteva, U.S.S.R. 


Special photoemulsions are successfully used now 
to record individual charged particles (protons, 
electrons, «-particles and mesons) and y-ray emission, 
as well as for autoradiography. Photoemulsions 
which are widely applied for such purposes have the 
most probable size of non-developed grains of 0-28 u 
with a spread ranging from 0-1 to 0-5 w. 

It follows from general considerations, as well as 
from the experimental data available that the smaller 
the size of the microcrystals in the photoemulsions, 
the better the discriminating power of the photo- 
graphic layers from such emulsions, i.e., the simpler 
the determination of the nature of the particle by the 
character of its track with the aid of the available 
methods or even visually. In addition to a better 
discriminating power, fine grain emulsions permit 
more accurate measurements of the angles between 
the tracks during nuclear fission of particles and 
multiple scattering of one particle. As the dimensions 
of the photoemulsion silver bromide microcrystals 
diminish, the point background produced by the 
X- and y-rays interferes less with scanning the 
plate. 

The paper describes the results of the preparation 
of photoemulsions with non-developed micro- 
crystals ranging from 0-04 to 0:08 w and having 
any sensitivity, depending on the photographic 
layers. 

When recording particles with minimum ionization 
(relativistic electrons), the density of the developed 
grains in the track averages 60 grains per 100 yu of the 
particle path, i.e., much greater than in Ilford 
G-5 emulsions where the crystals are bigger 
(0-28 

Photolayers with developed silver bromide micro- 
crystals ranging from 0-04 to 0-08 yw, are sufficiently 
transparent to the long waves of visible light, 
because the grains are commensurate with the visible 
light wavelength. In principle this fact makes it 
possible to examine the photolayer after it has been 
developed, without resorting to fixing. 
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Mesure des trés faibles activités alpha 
par les émulsions photographiques 
nucléaires quelques applications géo- 
physiques. E. Picciorro, Laboratoire de 
physique nucléaire, Université Libre de 
Bruxelles, Belgique. 


Les émulsions photographiques nucléaires ont été 
appliquées a la mesure de trés faibles quantités de 
radioéléments « en solution ou en source solide. 

Dans le cas des solutions, une méthode a été mise 
au point, qui permet de mesurer des activités de 
Vordre d’une désintégration « par jour. Pour 
certains nuclides formant des étoiles de désintégra- 
tion, cette limite est abaissée a 0,1 désintégration par 
jour. La principale application décrite est la mesure 
du Thorium a l’échelle de 10~® grammes. L’influence 
de la composition chimique des solutions, l’effacement 
de l’image latente, la diffusion des radioéléments dans 
l’émulsion sont les principales difficultés qui ont été 
résolues. 

Dans le cas des sources solides épaisses, on mesure, 
en prenant les précautions nécessaires, des activités de 
lordre de 10-® « par cm? et par seconde (corres- 
pondant a une concentration en Uranium de 10-8 g 
U/g). Ces techniques ont permis d’aborder |’étude 
des problémes géophysiques suivants: 

Mesure des radioéléments naturels et notamment 
des isotopes du Thorium, dans l’océan et les 
sédiments océaniques. 

Radioactivité des météorites métalliques. 

Etude quantitative des halos pléochroiques et 
application a l’estimation de l’Age des roches 
éruptives et métamorphiques. 
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Nouveau dispositif 4 scintillation pour le 
dosage continu des rayonnements peu 
pénétrants (C4, S*) en milieu aqueux 
et son application a l’analyse radio- 
chromatographique. E. Scuram et R. 
LomBAERT, Institut interuniversitaire des 
sciences nucléaires, Belgique. 


Par suite de l’auto-absorption, la détermination 
directe dans les milieux aqueux de rayonnements peu 
pénétrants comme ceux du C™ et du S*, est impossible 
par les détecteurs extérieurs ordinaires. Cette 
difficulté a pu étre vaincue en étalant le liquide en 
couche trés mince au contact de plastique scintillant. 
Le détecteur est constitué par une cellule 4 grande 
surface interne offrant une capacité d’environ | ml 
et dont les parois en matiére scintillante sont 
espacées de 0,3 mm. L’équipement auxiliaire com- 
prend notamment deux photomultiplicateurs montés 


en coincidence, et un intégrateur couplé a un 
enregistreur. L’appareil présente les caractéristiques 
de fonctionnement suivantes: 

Mesure directe sur la solution 

Fonctionnement continu ou discontinu 

Géométrie constante 

Absence de diffusion lors du fonctionnement en 

continu 

Absence de contamination 

Procédé non destructif 

Rendement supérieur au compteur GM a fenétre 

mince en l’absence d’auto-absorption 

Résidu non volatil de la solution pratiquement sans 

influence sur le rendement. 

Le présent dispositif convient spécialement pour la 
détermination de la radio-activité dans les effluents 
chromatographiques et s’avére de ce fait utile dans 
l’étude du métabolisme intermédiaire. I] a notam- 
ment permis, par une exploration systématique au 
moyen d’éluants variant graduellement en pH et con- 
centration, de découvrir un nombre élevé de con- 
stituants radioactifs dans l’urine de rat aprés injection 
de taurine S**, Les substances ainsi décelées peuvent 
étre dosées chimiquement dans le méme effluent ou 
récupérées en vue d’autres essais. 
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Radiation Labelling of Organic Com- 
pounds with C*. C. N. Turron, Isotope 
Division, A.E.R.E., Harwell, U.K. 


A new method of labelling organic compounds with 
C4 has been devised. A suitable organic material is 
treated with a mixture of a carbon-containing gas 
(e.g. CO,) with a high specific activity of Cl4 
and Kr**, The use of Kr® dispenses with the 
need for large amounts of C! to provide sufficient 
radiation. 

The method has been studied preliminarily with 
simple systems and the nature of the labelled com- 
pounds produced and the position of the labelling 
have been investigated. 

Results indicate that the extension of the method to 
complex natural carbon-containing materials (e.g. 
oils) will provide a practicable means of labelling them 
with 
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New Methods of Preparing a-, B-, and 
y-Sources. M. S. Perrova, K. G. SHvE- 
BELBLIT, V. P. Sytin, V. N. CHEssALIn, and 
I. I. BALAKLEveTs, U.S.S.R. 


Solid «-, B-, and y-emitters of various configura- 
tions, dimensions and activities are required in a 
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number of branches of science, engineering and 
medicine. 

The sources are made by different methods, 
depending on the purpose. 


I 


According to one of the methods, active substances 
are introduced into inorganic enamel which then is 
fixed on some metal surface. A description of the 
basic principles of preparation is given. 

Sources made by the above method have the 
following specifications and advantages: 

Sources from Po! had specific activity up to 
1000 mc/cm? with a yield of «-emission up to 30 
per cent. 

Sources from Sr%° had specific activity up to 
30 mc/cm? with a yield of f-emission up to 80 per cent. 

The sources do not contaminate the air; they are 
resistant to aggressive media and abrupt temperature 
drops. 

II 


Sources of «-, 6-, and y-rays can also be obtained by 
using the property of oxide film on aluminium and its 
alloys to be “‘filled’’ with various chemical reagents. 

It is possible to vary the activity of the sources 
within a very wide range, depending on the conditions 
under which the film is formed and filled. 

The suggested method of preparing sources makes 
it possible to obtain «-, 6-, and y-sources as plates, 
tubes, cylinders, spheres or in any other shape. 

Sources of emission made by this method can be 
used in various fields (medicine, instrumentation, 
dosimetry, and printing, textile and other industries). 
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An Approach to the Production of P*® 
in Millicurie Quantities. T. WEsTERMARK 
and I. FoGELstRGM-FINEMAN, Physiological 
Chemical Institute, Royal Technical Uni- 
versity, Stockholm, Sweden. 

The nuclear properties of P®* (25 days half-life) are 
critically reviewed. Together with P®? (14:3 days 
half-life), P®? might be used for double-labelling of 
P-compounds of great importance to biochemistry and 
related fields. The greater mean life of P®3 makes it 
suitable for experiments of long duration, e.g. in 
agricultural research. The lower beta energy of P? 
as compared to P%2, gives higher photographic 
sensitivity, better autoradiographic resolution, less 
mean internal beta dose and bremsstrahlung and 
lower recoil energy, which is advantageous in many 
cases. It is reasonable, therefore, to believe that if P*? 
is made available in sufficient quantities for experi- 
ments the demand should be appreciable from 
researchers in biochemistry and biology, medicine, 


agriculture, chemistry, metallurgy and _ industry. 

At present the production possibilities of P®* free 
from P® are very limited. This situation has been 
analysed with results as follows. The production 
methods of P®% are investigated and the conclusion is 
drawn that enrichment of S* in the target material 
and reactor neutron irradiation is an appropriate way. 

Isotope enrichment methods of the heavy sulphur 
isotopes are discussed. The ion exchange method 
selected is described and its characteristic parameters, 
separation factor (K) and theoretical equivalent plate 
height (HETP) are evaluated. A laboratory pro- 
gramme is outlined which might lead to the goal. 

The availability of S** would open opportunities 
for the nuclear magnetic resonance methods. S*4 and 
$6 might find use in physical research as well as for 
multiple labelling of sulphur compounds. 
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Traitement industriel des solutions de 
produits de fission—Séparation du Cs?’. 
C. FisHer et A. RAAGENBASS, Commissariat 
a l’Energie atomique, France. 


Deux types de traitement chimique peuvent étre 
envisagés pour amener a |’état de sources solides 
utilisables industriellement les produits de fission 
contenus dans les solutions résiduaires de |’extraction 
du plutonium. Ces traitements sont les suivants: 

(a) concentration des solutions et confection de 
sources solides a partir du mélange brut, sans 
séparation ; 

(b) séparation d’un ou plusieurs produits de 
fission déterminés a partir desquels sont con- 
fectionnées les sources. 

L’examen de la composition radioactive du 
mélange de produits de fission résultant de l’exploita- 
tion des réacteurs de Marcoule (Gl, G2, et G3) 
montre que le Cs!%’ représente a lui seul 30% de 
l’énergie gamma disponible a la sortie de l’usine 
plutonium, 70% deux ans aprés et pratiquement 
100% au bout de cing ans. 

Il n’y a donc qu’un intérét minime a entreprendre 
la confection de sources avec le mélange de produits 
de fission, la séparation du coesium ne représentant 
pas un travail plus compliqué et conduisant a un 
produit dont les possibilités d’utilisation sont plus 
nombreuses. 

Nous avons envisagé la séparation du Cs!°7 par 
une méthode dérivée de la méthode connue basée 
sur la précipitation du coesium par l’acide phospho- 
tungstique. Dans les méthodes publiées, le phos- 
photungstate est complétement dissous et le coesium 
est extrait de la solution par échange de cations 
ou par élimination des ions phosphats et tungstate 
sur une résine échangeuse d’anions. 
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Nous avons étudié la transformation du phospho- 
tungstate de coesium en phosphate et tungstate de 
baryum par emploi de l’hydroxyde de baryum qui 
remet le coesium en solution comme hydroxyde. 
Les avantages sont les suivants: 

décontamination plus poussée du Cs!%’, sans 

purification supplémentaire ; 

possibilité de transformation directe en sulfate de 

coesium; 

simplification générale du mode opératoire, et par 

conséquent de l’installation. 
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Utilisation du recul pour la séparation 
des produits de fission de l’uranium. 
R. Henry et C. Herczec, Commissariat a 
l’énergie atomique, Service des radioéléments 
artificiels, France. 


Le parcours de recul des fragments de fission est 
en moyenne de 8 microns dans U,O,. On a pris 
des suspensions d’oxyde d’uranium beaucoup plus 
fines (0,5 microns) et trés diluées de telle maniére 
que l’on a pu étudier directement la réadsorption 
des produits de fission sur l’oxyde d’uranium. 

Les résultats de séparation ont été étudiés en 
fonction de la nature du milieu d’irradiation (solide 
ou liquide) et du milieu de séparation, de la taille 
des particules d’oxyde et de leur concentration dans 
le milieu dispersant. 

Les courbes de décroissance permettent de déter- 
miner la perturbation apportée dans les mesures 
par Np*3° qui reste en majorité dans les grains 
d’U,O,. 

On a déterminé enfin l’emplacement des produits 
de fission dans le cas de mélanges solides: ils se 
trouvent toujours a l’intérieur des grains du milieu 
récepteur. 

Les résultats obtenus permettent d’envisager la 
séparation rapide de produits de fission a période 
courte a partir d’un milieu débarrassé d’uranium. 
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The Szilard-Chalmers Reaction in Metal 
Phthalocyanines Irradiated in a Nuclear 
Reactor. G. B. Coox, B. R. Payne, and 
Mrs. P. ScARGILL, Isotope Division, A.E.R.E., 
Harwell, U.K. 


The yield of separable activity and enrichment 
factors have been measured for varying times in the 
BEPO reactor, Harwell for the phthalocyanines of 
Fe, Co, Cu, Zn, Ga, and Pd irradiated at a neutron 
flux of neutrons/cm?/sec. 

Despite the reported high chemical stability of 


these compounds even the mildest method of separa- 
tion results in the partial breakdown of most of the 
complexes and consequently the enrichment factors 
are not high, although the yield may be as high as 
98 per cent. 

The radiation decomposition due to gamma 
radiation has been measured in a number of samples 
in an attempt to gain an indication of the contribution 
made by y-radiation to the total decomposition. 

The effect of post-irradiation heating has been 
studied on the phthalocyanines of Co, Cu, Zn, and 
Ga. 
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The Extraction of Individual Fission 
Products from Chemical Process 
Wastes. K. SappincTon, Industrial Group, 
Atomic Energy Authority, Windscale Works, 
Sellafield, Cumberland, U.K. 


The large amount of mixed fission products pro- 
duced as a by-product of any atomic energy pro- 
gramme provides a potential source of the relevant 
radioisotopes which far exceeds all likely demands. 
Additionally, the removal from the radioactive 
process wastes of specific isotopes for use in research, 
medicine, and industry, proportionately reduces 
the problem of dealing with such wastes—a problem 
which is of ever increasing concern to those engaged 
in the atomic energy industry. There are, therefore, 
real incentives to use such wastes for the production 
of radioisotopes. The separation, however, of 
individual elements from the highly active waste 
solutions, containing complex mixtures of the fission 
products, presents very difficult problems. These 
are infinitely greater than those arising in the pro- 
duction of radioisotopes by the normal method, 
viz.—neutron irradiation of specific source materials 
which necessitate a minimum of subsequent separa- 
tion stages. 

The paper describes methods which have been 
used in the U.K.A.E.A. for producing from fission 
product waste solutions radioactive sources of two 
different types. 

(1) Intense sources (1000-2000 c) of Cs!87 for use 
in medicine, industry and as a research tool: Such 
intense gamma sources are of great value in the study 
of irradiation effects on chemical compounds, being 
of acceptably long half-life and of small dimensions 
thus permitting close proximity to the specimen and 
hence high dose rates, the values of which can be 
accurately calculated. 

(2) Smaller sources for chemical studies and 
research applications, of unusual isotopes, such as 
Np’, which have hitherto been available, if at all, 
only in milligram quantities. 
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An Electromagnetic Isotope Separator 
for the Enrichment of Radioisotopes. 
M. L. Smiry, General Physics Division, 
A.E.R.E., Harwell, U.K. 


Electromagnetic separation is a versatile process 
which is particularly suitable for the enrichment of 
any isotope of any element. On a large scale pro- 
duction separators of this type are mainly applied 
to the enrichment of stable isotopes which are needed 
either for measurement of nuclear, physical and 
chemical properties or as starting materials for the 
preparation of pure radioisotopes of high specific 
activity by irradiation in a reactor or cyclotron. 

The process can also be applied to radioactive 
isotopes and in fact there are several small separators 
in Europe which are so used though in these cases 
the separation process is generally part of an experi- 
ment on nuclear properties. There has now recently 
been constructed at Harwell a separator of inter- 
mediate size for active materials, which, while it 
was developed especially for the separation of alpha 
active transuranic isotopes, may also be adapted for 
beta and gamma active isotopes with activity levels 
of up to a few curies. 

This new facility is suitable for the separation of 
almost any active nuclide (in an amount limited to 
the activity level specified above) from a mixture in 
order to give an isotopically enriched product of high 
specific activity which may be useful for the following 
types of application: 


(a) Studies of nuclear properties to obtain data 
such as cross-sections to various reactions, 
energy levels, etc. 

(b) Studies of radiation characteristics, decay 
schemes, fission properties, etc. 

(c) Use for particular applications of radioisotopes 
where a mixed radiation is an embarrassment. 


This is the only practicable method of separating 
those active isotopes which normally occur in such 
a mixture as the fission products or the mixture 
which is obtained in some irradiations of a stable 
isotope when competing reactions occur. 

The paper describes the machine, including the 
source and collector units, and gives some details of 
its performance in respect of the enrichment achieved, 
efficiencies, etc. 
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Al?6 Properties, Production, Assay, Natu- 
ral Occurrence, and Potential Use- 
fulness. T. P. Konman, R. A. RIGHTMIRE, 
W. D. Exnmann, and J. R. Srianton, 
Department of Chemistry, Carnegie Institute 
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of Technology, Pittsburgh, Pennsylvania, 
U.S.A. 


With the discovery in 1954 of the long-lived 
isomer of Al?®, isotopic tracing is possible in principle 
with all of the chemical elements. However, the 
long half-life of Al?*, estimated from bombardment 
yield comparisons to be ~1 x 10® years, results in 
difficulty of production of useful quantities. 

Al?® emits 1-16 MeV positrons, electron-capture 
(e) radiations, and gammas of 1-83(y,), 2-97(yo), 
and 1-14(y,) MeV. It disintegrates as follows: 
84 per cent, + y,; 12 per cent, + ,; 4 per cent, 
0-3 per cent, e + yg + 74. 

High specific activity Al?® is prepared by bom- 
barding pure magnesium targets with deuterons or 
protons. With 15 MeV deuterons the yield is 
(1-40 + 0-13) dis/min/uAh; with 22 MeV protons, 
(3-5 + 0-3) dis/min/uAh. With both projectiles 
millicurie amounts of Na?? are produced simultane- 
ously. A radiochemical procedure for isolating 
both nuclides in carrier-free form has been developed. 

The energetic positrons and gamma radiations 
permit assay by conventional means. Absolute assay 
is made with a 47 Geiger counter. Small low back- 
ground external-sample Geiger counters are used 
for very weak sources. This may be important in 
extending the usefulness of available quantities. 

Some meteorites have been found to contain 
minute quantities of Al?®, produced by cosmic-ray 
spallation reactions. In conjunction with other 
radionuclides likewise produced, it should provide 
information about the past history of meteorites and 
cosmic rays. 

Al? provides an excellent radiation source for 
constant-intensity f- and y-ray standards. It has 
potential tracer applications in many areas of science 
and in studies of industrial products and processes 
involving the element aluminium. 
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The Design and Construction of Large 
y-Irradiation Facilities. G. S. Murray 
and R. Ropserts, Isotope Division, A.E.R.E., 
Harwell, U.K. 


The design of radiation shielding suitable for 
sources of many thousands of curies of y-activity is 
discussed. The main object in the design has been 
to achieve maximum flexibility in operation. It has 
been found advantageous to be able to carry out 
irradiations over a wide range of physical conditions, 
such as temperature and pressure, and also to 
impose the minimum restriction on the size of vessel 
being irradiated. The requirements have been met 
in an entirely new design of irradiation unit. The 
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advantages of a large concrete shield compared with 
the usual lead shield are discussed. 

A particular feature of the design is the achieve- 
ment of a variable source geometry, so that a source 
of any shape can be built up within a large irradiation 
chamber. Attention is drawn to the need for sim- 
plicity in operation whilst achieving maximum 
protection for personnel using the source. Details 
are given of interlock mechanisms, etc., and also the 
dose rates obtained at various positions in completed 
shield. Some figures for the cost of construction of 
large radiation sources are also included. 
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Strong Co®® y-Ray Source for Radiation 
Chemical Research (21,000 ¢ equiv. of 
radium). A. Ku. Breccer, V. A. BELYNsky, 
V. L. Karpov, S. D. Prokupin, and V. B. 
Ostrov, U.S.S.R. 


A Co®® y-ray source has been developed and built, 
which is equal to basic present-day standards of 
radiation chemistry research. The design is based 
on the experience in development and operation of 
weaker sources. The ‘‘K-20,000” source is a hollow 
cylinder (height = 250mm, outside diameter = 
140 mm, inside diameter = 65 mm) containing 56 
Co® preparations with a total activity of 21,000 
g equiv. of radium. The source was assembled by 
means of special devices employing no water shielding. 
Irradiation is effected in the working chamber 
(~1m) into which the source is introduced with 
the help of remote control mechanism. The chamber 
is surrounded with concrete walls (1-5-2 m). Access 
into the chamber is gained through a labyrinth. 
Mechanisms are provided for safe elimination of 
possible remote control troubles. During intervals 
between experiments the source is kept in a mobile 
lead container. 

Remote control and supervision of physico- 
chemical experimental conditions and _ processes 
occurring in the objects being irradiated is carried 
out from a panel located in the room above the 
working chamber. 

The dose field induced by the source in the working 
chamber was studied mainly by the method of 
chemical dosimetry. The results are in fair agree- 
ment with the calculations. The source provides 
for a dose rate of up to 1000 r/sec in a volume of 
0-41. and of about 109 r/sec in 1001. 

The “K-20,000” source extends the scope of 
radiation chemical research in respect of dose rates 
and dimensions of objects to be irradiated, as well as 
in the complexity of physico-chemical experimental 
conditions. 
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The Effect of y-Irradiation upon Poly- 
ethylene Oxides. R. W. PEARson, Isotope 
Division, Atomic Energy Research Estab- 
lishment, and Dunlop Research Centre, 
Birmingham, U.K. 

The polyethylene oxides were chosen as a simpler 
system than the polyethylenes in which to study the 
radiation induced cross linking. They have relatively 
simple molecular weight distributions (Mw/Mn = 
1-5) compared with polyethylenes (Mw/Mn = 5-100). 
Polyethylene oxides are soluble in hydrocarbon sol- 
vents at room temperature, and are amenable to 
study by solution viscosity methods. 

Irradiation of polyethylene oxide (M.W. = 9,000) 
in air causes cross linking at low doses (ca. 10® rads), 
after which chain degradation by oxidation becomes 
dominant. Irradiation in vacuum increases the in- 
trinsic viscosity, and a gelled state is reached at 
5 x 10’ rads. The gel structure is very susceptible to 
oxidative breakdown, and vacuum irradiated samples 
exposed to dry air suffer a decrease in intrinsic visco- 
sity. Oxidative chain breakdown is ascribed to the 
case of attack of the tertiary carbon atoms, all of 
which are adjacent to oxygen atoms, 


-O—CH, 


Rapid degradation can occur by a chain mechanism 
of this type. During irradiation, chain scission can 
occur by direct reaction between oxygen and the 
radiation induced radicals. 

Preliminary infra-red studies show the development 
of carbonyl groups and vinylene double bonds, 
although the latter are difficult to characterize in the 
polyethylene oxide spectrum. 

Within the limitations of intrinsic viscosity as a 
measure of the molecular weight of branched mole- 
cules, it is found that the rate of cross linking is not 
consistent, but increases with radiation dose. It is 
suggested that the cross links are formed via the 
radiation induced unsaturation. 
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Radiation Polymerization. S. S. MeEp- 
vVEDEV, U.S.S.R. 


Among the various problems related to the effect of 
radiation on the processes of polymerization, the 
problem of the initiation mechanism of chain reac- 
tions is of major importance, since it is in these 
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reactions that the specific features of radiation effect 
reveal themselves. A comparison of the results of 
investigations of photochemical and radiation-chemi- 
cal initiation has shown that excited molecules play 
the principal part in these processes, and that in 
radiation initiation there arise among the excited 
states those which are free of photochemical limita- 
tions (optically “forbidden” transitions). 

Analysis of the data on the radiation-chemical 
yield of radicals has proved that a great number of 
organic compounds possess much greater yields of 
radicals per radiation energy absorbed than many of 
the monomers used. The employment of these com- 
pounds as solvents or additives opens up prospects for 
a possible increase in effective radiation initiation. 

The transfer of absorbed energy to the molecules 
of easily disintegrating substances forming free 
radicals, can also be used for this purpose. 

The method of sensibilizing media was employed 
in the research conducted at the Karpov Physico- 
Chemical Institute and devoted to radiation poly- 
merization of ethylene. The yields of solid polyethy- 
lene in solutions of methyl alcohol, acetone, cyclo- 
hexan and n-heptane proved to be 40-50 times 
higher than those obtained in the polymerization of 
ethylene in a gaseous phase under similar conditions, 
reaching 2000 molecules of ethylene per 100 eV of 
absorbed energy. The properties of polyethylene so 
obtained differ in some respects from those of poly- 
ethylene produced by conventional chemical methods 
at high or low pressures. 

When the solution of ethylene in CCl, is irradiated 
low molecular polymers of a Cl(C,H,),,CCl, composi- 
tion (telomers) which are used in organic synthesis 
are formed with a high yield. 

Of some interest is also the emulsion polymerization 
of ethylene which proceeds at a high rate in the 
presence of additives resulting in polyethylene of high 
molecular weight. 

The application of nuclear radiation for the poly- 
merization and copolymerization of monomers as well 
as for general problems of the mechanism of poly- 
merization processes is of considerable importance. 
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Réticulation du chlorure de polyvinyle 
sous l’action de radiations ionisantes. 

C. Wippter, Ingénieur Centre de recherches 

de la Compagnie de Saint-Gobain, Antony, 

Seine, France. 

Certains polyméres se réticulent sous l’action de 
radiations ionisantes. Les produits réticulés étant 
insolubles et infusibles leur tenue aux solvants et a la 
température est considérablement améliorée. 

Alors que pour le polythéne tous les chercheurs 
s’accordent pour conclure a une réticulation sous 
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l’influence de radiations, le cas du chlorure de 
polyvinyle est beaucoup plus confus. 

Les études que nous avons menées sur des poudres 
de chlorure de polyvinyle pur irradiées a l’aide d’une 
source de Co® montrent qu’il se produisait a la fois 
une dégradation et une réticulation. Suivant que 
Virradiation se faisait sous vide ou a l’air l’un ou 
l’autre de ces mécanismes prédominait. 

Toutefois, méme aprés des irradiations a des doses 
de 150 Mr, les modifications restaient relativement 
faibles. 

Par contre, il est possible de réticuler totalement le 
chlorure de polyvinyle avec des doses inférieures a 
50 Mr a condition d’y incorporer certains additifs. 

Nous discutons dans cette communication |’influ- 
ence de la nature et de la concentration de tels additifs 
ainsi que la variation du taux de réticulation en 
fonction de la dose d’irradiation. 
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Radioisotopes in the Investigation of Rate 
Processes in Solids at High Tempera- 
tures. WALTER J. Moore, Chemical Labora- 
University, 


tory, Indiana Bloomington, 


Indiana, U.S.A. 


One of the fundamental rate processes in the solid 
state is the mass transport of atoms and ions by 
diffusion. The availability of suitable radioisotopes 
for most cations has made it possible to follow the 
migration of these species in crystals over a wide range 
of temperatures and ambient atmospheres. The most 
suitable experimental method is the precise sectioning 
of a monocrystalline specimen to determine the distri- 
bution of radioactivity after the diffusion anneal, but 
in certain cases evaluation of diffusion coefficients from 
the decline in activity at the surface or from the overall 
exchange rate is more convenient. Results obtained 
in our laboratory on Cu,O, NiO, MgO, ZnO, and 
Al,O, are discussed in terms of the enthalpies and 
entropies of formation of defects and of activation for 
defect mobility. 

The high temperature gaseous corrosion of metals 
is directly correlated with the diffusion coefficients of 
constituents in the protective product layers on the 
metal surfaces. Phenomena in the growth of oxides, 
sulfides, and halides on metals frequently resemble the 
Kirkendall effects in alloy systems, giving rise to 
porosity in the layer of product which is an important 
factor in the protectivity against further attack. As an 
example, the complex kinetics of the sulfidation of 
silver have been studied using radioactive silver and 
sulphur to elucidate the details of the mechanisms. 
Grain-boundary diffusion of both silver and sulfur 
appears to have an important role in this reaction. 

The sputtering of solid targets under ionic bom- 
bardment is a process closely related to the production 
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of radiation damage in solids at the lower end of the 
energy spectrum of bombarding particles. Tracer 
techniques have been adapted to sputtering studie: by 
the use of radioactive targets, and the measurements 
of the angular distribution of sputtered material from 
the intensity of the radioactive deposit formed. Recent 
work on the sputtering of silver by ions of hydrogen 
and rare gases by this method has provided support 
for the momentum transfer theory of the sputtering 
process. 
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Investigating the Processes of Migration 
of Proper Ions and Impurity Ions in 
Silver Salt Crystals and Alkaline Earth 
Metals. A. N. Murin, U.S.S.R. 


(1) The diffusion of silver and bromine ions in 
silver bromide has been studied at temperatures 
ranging from 150-350°C with the aid of radioactive 
isotopes Ag! and Br®* by means of the ideal contact 
method (A. N. Murrn and Y. A. Tausu), the adsorp- 
tion method (A. N. Murin, V. N. Kazaxkova, and 
B. P. Lurre), and the method of removing thin layers 
(C. N. Banasevicnu, B. G. Lurie, and A. N. Murry). 
The coefficients of diffusion were determined at room 
temperatures by the method of exchange in hetero- 
genous systems (A. N. Morin). An isotherm of 
diffusion was also obtained (A. N. Murin and B. G. 
Luri£) in mixed AgBr + CdBr, crystals at a tem- 
perature of 225°C. The diffusion of bromine was 
studied in crystals containing a hyperstoichiometric 
surplus of bromine. 

Measurements made simultaneously of the electric 
conductivity of crystals lead to a number of assump- 
tions regarding the mechanism of ion transfer in AgBr 
crystals in connexion with the general theory of the 
structure of real crystals (defects, dislocation, etc.). 

(2) Electrolytic conductivity and the diffusion of 
silver ions in y-AgI were investigated at temperatures 
ranging from 0-140°C. A higher migration capacity 
of the proper ions of the crystalline lattice was 
recorded in the case of plastically deformed specimens 
(B. G. Lurie and A. N. Murry). 

The diffusion of silver and iodine ions was also 
studied at room temperatures (in specimens con- 
taining a surplus of iodine) by the method of exchange 
in the AgI~-AgNO, system (in a solution), and the 
AgI-I, system (in gas) (A. N. Murin and B. G. 
LurRIE). 

(3) The diffusion of Nat and Pb** ions was 
investigated in NaCl] (A. N. Murry and B. G. Lurie), 
the latter in a wide range of temperatures by the 
absorption /-method, «-method and the method of 
recoil nuclei. The diffusion of radon was studied in 
solid NaC]. The mechanism of the process of diffusion 
in sodium chloride crystals was discussed. 


(4) The diffusion of Pb** ions in silver bromide 
crystals was studied by the recoil nucleus method. 
The activation energy of the process corresponds to 
the migration of “‘free’? Pb** ions without any 
complex being formed. 

(5) The coefficients of radium ion diffusion in 
barium nitrate (A. N. Murin and V. D. NeFrepov) 
and in barium chloride (A. N. Murin and M. A. 
KrrILLova) were determined by the recoil atom 
method. 
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Tracer Diffusion of Cd! in Pure Cadmium. 
Dr. K. A. Maumoup et al., Isotope Centre, 
Egyptian Atomic Energy Commission, Cairo, 


Egypt. 

The self-diffusion was investigated by the radio- 
tracer method for pure cadmium in polycrystalline 
states. The cadmium discs used in this experiment 
were electroplated with a very thin layer of the radio- 
element Cd"!5, The measurement of the diffusion 
rates at different temperatures was accomplished by 
the surface activity decrease method. For an isotope 
emitting beta and gamma radiation, the exponential 
absorption law does not necessarily hold true. Since 
the experimental method adopted here is valid only 
when the absorption curve for the radiation is expo- 
nential, an experimental verification was performed. 
The absorption coefficient was calculated and found 
to be 70cm under the present experimental 
conditions. 

Results show that during the same diffusion 
experiment, the diffusion coefficient for a polycry- 
stalline sample decreased as the diffusion annealing 
time increased, while a single crystal specimen 
showed a regular behaviour. This behaviour in the 
polycrystalline sample was accompanied by observed 
formation of larger grains after each heating time. 
In view of the present results, the concept of a unique 
activation energy associated with grain boundary 
diffusion has little significance. The temperature 
dependence of the lattice diffusion coefficient in 
single crystals is given by D = Dy) exp (—H/RT), 
where H is the activation energy and D, is the tem- 
perature independent part of the diffusivity (the 
frequency factor). These values were found experi- 
mentally to be 19-7 kcal/mole and 0-14 respectively. 
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Study of Diffusion along Metal Grain 
Boundaries. V. T. Borissov, V. M. Gottkov, 
B. J. Lyusov, and G. V. SHTsHERBEDINSKY, 
U.S.S.R. 


Investigations of diffusion processes in the micro- 
regions of polycrystals, especially along grain 
boundaries, are now gaining a growing importance. 
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The study of diffusion along grain boundaries is 
usually based on the determination of the dependence 
of the diffusion elements average concentration on the 
penetration depth (Fisher’s method), or on the 
analysis of the character of constant concentration 
lines which may be revealed both by metallographical 
and autoradiographical methods. (We must empha- 
size that investigation results of the latter course are 
mostly of a qualitative character.) 

A report is presented of theory of a new absorption 
method for the determination of the diffusion 
coefficients in volume D and along grain boundaries 
D, in metals; the method is based on the study of 
kinetic regularities of the process. Continuously in 
the process of the diffusion annealing, measurements 
are taken of the integral activity of the investigated 
specimen which is covered beforehand with a thin 
layer containing radioactive atoms. An appropriate 
treatment of the kinetic curve thus obtained gives 
coefficient values of volume and boundary diffusions. 
The design of an experimental set-up is described, and 
investigation results of the iron-silicon system are cited. 

The present method, advantageously differing from 
the above mentioned, allows to determine D and D, 
from the data of just one experiment. Comparatively 
short diffusion annealing is sufficient for its applica- 
tion; besides, the method does not require any 
infraction of the specimen’s entirety. 

Analysis of kinetic regularities of the diffusion 
element penetration into the polycrystal allows to 
draw some conclusions concerning the theory of 
applying the autoradiographic method for measuring 
diffusion parameters. Equations are _ obtained 
describing the form of the diffusion front near grain 
boundaries; this allows to make quantitative evalua- 
tions of autoradiographic data. 
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Investigating Mobility of Carbon Atoms 
and Interatomic Interaction in Alloys 
by Radioactive Indicator Method. P. L. 
Gruzin et al., U.S.S.R. 


In the theory of alloys an important part is played 
by work aiming at the establishment of the state of 
solid solution atoms. New data on this subject have 
been provided by studying the transfer of elements in 
alloys under the influence of electric current and 
diffusion. 

Radiometric methods have been evolved to 
determine diffusion constants and transfer numbers. 
The method is based on plotting concentration 
diffusion and electric diffusion curves according to 
the data of measurements of integral radioactivity of 
specimens containing radioactive isotope of carbon. 
In deriving the calculation formulae, the character- 
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istics of the isotope C!4 emission spectrum were taken 
into account. The methods may be applied in 
studying diffusion and transfer of many elements for 
which radioactive isotopes with f-emission are known. 

Diffusion of carbon in ferrite and nickel has been 
investigated. It has been established that phase 
transformation « — y is accompanied by an abrupt 
acceleration of carbon diffusion. When iron is 
alloyed with silicon, nickel, chromium or molybdenum, 
the level of diffusion mobility of carbon for ferrite 
remains unaltered. 

Diffusion of carbon in nickel and austenite is 
characterized by similar parameters. 

Diffusion of carbon in the Fe-Ni (25 per cent) alloy 
has been studied depending on its structural state. 
It has been shown that the structural factor produces 
no marked influence on diffusion of carbon. 

Radiometric investigations point to the presence of 
carbon transfer in «-iron and nickel under the action 
ofan electric field. It has been established that carbon 
atoms in iron and nickel are in cation states. Carbon 
transfer numbers have been determined for iron, 
nickel and some of their alloys. Values of 
carbon cation charges have been computed for iron, 
nickel and a number of alloys on the basis of the 
found coefficients of diffusion, transfer numbers and 
electric resistance. The computations have shown 
that the charge of carbon cations changes by 1-2 
units, depending on the alloy composition. Changes 
in the degree of ionization of dissolved carbon atoms 
in iron and nickel can be accounted for on the basis of 
some provisions of the donor-acceptor theory. 

The results of studying diffusion and transfer make 
it possible to explain a number of facts related to 
changes in the physical and chemical properties of 
iron and nickel alloys. The general significance of the 
research findings lies in the fact that they may serve 
as a basis for developing certain provisions of the 


solid body theory. 
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Radioactive Isotope Research on Electric 
Transfer of Hard Metal Solution Com- 
ponents. I. N. Frantsevicn, U.S.S.R. 


Changes in interatomic bonds of the lattice of solid 
metal solutions on the basis of transient elements is 
connected to some extent with donor-acceptor inter- 


action of atoms forming these solutions. Donor- 
acceptor interaction of atoms may, in a number of 
cases, cause ordering in alloys. These effects should 
be taken account of in the elaboration of the theory of 
alloys and conditions of their thermal treatment. 
There exist at present a number of methods for 
detecting and investigating the donor-acceptor inter- 
action of atoms in solid metal solutions, among which 
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the technique of studying reciprocal atom transfer in 
solid solutions under the influence of direct current 
is apparently the most convenient and the simplest 
from the methodical viewpoint. 

The paper describes the results of investigating 
electric transfer of radioactive isotopes of carbon (C4), 
iron (Fe®®), chromium (Cr®!), molybdenum (Mo??) 
and tungsten (W18°) in iron. 

The method elaborated permits to determine 
velocities and directions of the shift of respective 
components of binary alloys under the influence of 
direct current at various temperatures. New facts 
related to interatomic interaction in alloys have been 
established as a result of the research. 

Under the influence of direct current all the dis- 
solved carbon in austenite shifts towards the cathode, 
and the atoms of iron towards the anode. In the 
presence of carbon, atoms of iron lose their capacity 
to migrate toward the anode at temperatures exceed- 
ing 1150°C (kT’ ~0-3eV). This points to the fact 
that above this temperature valency electrons of 
carbon atoms are no longer concentrated preferentially 
around atoms of iron, communicating to them a 
surplus negative charge, but enter completely into the 
balance of collectivized electrons. Chromium and 
tungsten manifest themselves as electron donors in 
alloys based on iron; however, in their presence atoms 
of iron do not lose acceptor properties even at 
temperatures exceeding 1150°. The effect of acceptor- 
donor interaction of iron and molybdenum atoms in 
iron-molybdenum alloys based both on iron and 
molybdenum, is equally stable, though opposite in 
charge. 
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Application of Radioactive Isotopes in 
Solving Diffusion in Metals Theory 
Problems. A. A. JukHovirzky, M. E. 
Yanitzkaya, and A. D. Sotzxov, U.S.S.R. 


(1) Accepting as a basis the application of radio- 
active isotopes, methods were evolved for measuring 
thermodynamic and diffusion characteristics of solid 
solvents. 

The printing method. 

The thin layer method allows to study the mobility 
of solvent components barring operations of peeling 
off layers from the specimen and measuring absorption 
characteristics. The thick layer method does not 
require the preparation of thin plates. 

The exchange method permits to determine the 
component vapour pressure simultaneously with the 
diffusion coefficient. 

(2) Studies were made of thermodynamical 
characteristics and self-diffusion coefficients of solvent 
silver with positive and negative deviations from 
Raoult’s law (Ag-Cu and Ag-Sn). 


The modification of diffusion characteristics with 
composition, at low temperatures especially, is to a 
greater extent due to the change of properties of the 
transitional state, rather than to the equilibrium 
solvent. 

A theory is built of diffusion in a medium with an 
irregular mobility, and characteristics are computed 
of silver atom mobility in the proximity of dissolved 
atoms. 

(3) The application of radioactive isotopes in the 
investigation of diffusion in heterogeneous systems 
permits to determine, within the limits of absorption 
methods, diffusion coefficients in parallel with 
data bound with the state diagram. Besides, 
characteristics of phase transformation kinetics are 
also determined. 

The measuring of the diffusion process in an 
elementary heterogeneous system (Ag-Cu) in a wide 
range of temperatures has allowed to draw the 
following conclusions: 

Kinetic shapes drawn in accordance with the thin 
layer methods, are characterized by a break cor- 
responding to the disappearance of the double-phase 
region. The diffusion in the two-phase medium, at a 
temperature lower than eutectic proceeds at a 
slower rate than in a homogeneous medium, whereas 
at higher than eutectic temperatures the process is 
substantially quicker. 

Analysis of the kinetic shape shows the influence of 
kinetic factors in the first stages of the experiment. In 
the heterogeneous region the effective energy activa- 
tion may be many times greater than the true one. 

Consideration of the diffusion mechanism which 
proceeds with a concentration jump resulted in the 
conclusion that there exists a specific diffusion effect 
in the heterogeneous system akin to the Kirkendale 
effect. 

In this case, differing from the Kirkendale effect, 
the marks always drift in the direction of the dis- 
appearing phase. Experimental investigations con- 
firmed the existence of a new effect for system Ag-Cu. 
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The Interaction of Impurity Atoms witha 
Metal Solvent. T. Pye and R. SHUTTLE- 
WworRTH, Metallurgy Department, University 
of Leeds, U.K. 

Radioactive isotopes have been used to measure the 
thermodynamic properties of metallic solutions in 
which the impurity element was present at a con- 
centration of less than 0-1 per cent. At these low 
concentrations it is possible to consider only the 
interaction of the impurity atoms with the solvent and 
to neglect the interaction between the impurity atoms. 

The interaction of an impurity atom with a solid 
solvent can be divided into two parts: 
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(a) an elastic strain energy due to the impurity 
atoms and the solvent atoms having different 
diameters. 

(b) a chemical energy due to interaction between 
the electrons. It is supposed that the strain energy in 
the liquid solvent is zero so that the elastic strain 
energy in the solid is equal to AH,, whereas AHy 
is the energy needed to transfer an impurity 
atom and a solvent atom from the solid to the liquid. 
In the study of the chemical forces the theoretically 
significant quantity is AH, the energy needed to 
transfer an impurity atom and a solvent atom from 
the liquid solvent to a vacuum. 

To determine AH, a cylinder of copper solvent 
containing radioactive impurity was held in a 
temperature gradient arranged so that the upper part 
was liquid and the bottom was solid. After equili- 
brium had been achieved the sample was quenched 
and sections 0-003 cm thick for assaying were cut in a 
lathe. To determine AH, a sample of solution 
containing radioactive copper solvent and _ radio- 
active impurity was evaporated from a Knudsen cell 
and condensed on a target. Since Cu® has a shorter 
half-life than the radioactive impurities the relative 
concentrations of impurity and solvent in the cell and 
on the target could be measured. Thus the deter- 
mination of AH, did not depend on the absolute 
determination of a vapour pressure. 
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On the Structure and Wear Resistance of 
Case-hardened Steel. L. S. PALarnik, 
I. M. Lyusarsky, and A. P. LyuBcHENKO, 
U.S.S.R. 

The wear resistance of case-hardened steel is 
determined by its “‘fine’’ structure. “Fine’’ structure 
refers not only to the phase composition of the steel 
(revealed by metallographic methods), but also to its 
dispersity, block structure, microtensions, mode of 
conjugation between its like and unlike lattices, 
distribution of alloying elements among them etc. Of 
especial importance in investigating the “fine” 
structure is the very sensitive radioactive tracer 
method, the use of which in combination with X-ray 
and other methods yields very important data. 

The radioactive tracer method was employed for 
the investigation and wear-testing of samples and real 
gears after heat treatment under various conditions. 

It was established that besides carbon diffusion the 
case-hardening process involves a “‘back”’ diffusion of 
metal atoms to the surface of the specimen under- 
going case-hardening, resulting in an elevated vacancy 
concentration in the crystal lattice. 

A radioactivity study and an X-ray analysis of 
electrolytically isolated carbides showed that the case- 
hardened layer of I18XHBA steel contains two 
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relatively low-alloyed carbides. The carbide (Fe, Cr, 
W)s;C forms during case-hardening, and the carbide 
(Fe, Cr, W).3C, in the process of cooling. 

The rate of cooling greatly affects the “fine” 
structure of austenite, and the saturation of the 
carbides and the solid solution (y, «) with alloying 
elements, as well as the distribution of carbon in the 
austenite over the cross-section of the case-hardened 
layer. 

Rapid cooling results in a wear-resistant structure 
containing up to 90 per cent of residual austenite, the 
crystal lattice of which undergoes comparatively 
uniform micro-deformation with practically no 
breakage of its mosaic blocks. 

Slow cooling leads to a considerable breakage of the 
mosaic blocks in the comparatively less alloyed 
residual austenite and to non-uniform micro- 
deformation of the y-lattice. Such a ‘‘fine” structure 
cannot be corrected by ordinary methods of heat 
treatment (hardening, tempering, freezing, etc.). This 
structure forms also after a very long period of wear 
in specimens with a “healthy”’ initial fine austenite 
structure. 

The mechanism of formation of the wear-resistant 
structure of case-hardened steel is examined. 
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Application de l’autoradiographie sur 
émulsions nucléaires a l'étude de la 
diffusion intermétallique dans les sys- 
temes U-Zr, U-Mo, U-Ti, U-Al. M. Y. 
Appa, Mmes H. Faracoi, et A. GArIN- 
BonnET, Service de Physique nucléaire, 
Commissariat a l’Energie atomique, France. 


L’étude de l’émission « en couche épaisse d’un 
certain nombre d’alliages d’uranium nous a permis 
d’établir expérimentalement une relation entre cette 
émission et teneur en uranium. Cette méthode 
d’analyse quantitative, locale, nous a permis d’établir 


les courbes concentration-pénétration dans les 
diffusions qui conduisent a la formation d’une solution 
solide: U-Zr, U-Mo, U-Ti. Lorsque la diffusion 
conduit a la formation de composés intermétalliques, 
lautoradiographie permet lidentification de ces 
composés si la couche formée est supérieure a 10 yw. 

Enfin, grace a l’utilisation d’émulsions nucléaires 
coulées sur les échantillons de diffusion, il est possible 
de mettre en évidence l’existence d’une diffusion 
intergranulaire. 
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Studying the Diffusion of Aqueous Vapours 

in Synthetic Materials by Means of 

Tritium. E. E. Frvxet, U.S.S.R. 

(1) A new method has been elaborated of measur- 
ing the coefficients of aqueous vapour diffusion 
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through polymeric membranes by means of water 
labelled with tritium. 

(2) It has been proved that the activity of aqueous 
vapours containing tritium can be measured by 
directly introducing them into the counter for an 
interior gaseous radioactive source as an addition to 
the regular argon-alcohol mixture filling the counter, 
provided the partial pressure of the water vapour 
does not exceed 2-3 mm Hg. 

(3) The methods of measuring the coefficients of 
diffusion provide for: 

(a) Preserving the conditions of the stationary 

process of diffusion throughout the experiment, 
including the time of selecting the diffused 
vapour for introduction into the counter to 
measure their activity. 
A practically complete extraction of the water 
vapours diffused through the membrane by 
freezing it out with liquid nitrogen directly 
into the counter with subsequent washing of the 
entire vacuum system with alcohol vapour 
which is likewise introduced into the counter 
as quenching component. 

(4) The coefficients of aqueous vapour diffusion 
have been measured in polyethylene, polychlorovinyl, 
polytrifluorochloro-ethylene and rubber, the results 
well agreeing with the data published so far. 
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Nouvelle méthode d’application des gaz 
radioactifs a Jétude des_ surfaces 
solides. Crstmir JEcH, Institut de chimie 
physique, Académie tchécoslovaque des 
sciences, Prague, Tchécoslovaquie. 


L’effluve de haute fréquence, réalisée dans un vase 
en verre rempli d’un mélange d’un gaz inerte radio- 
actif (Rn, Xe) et de l’air produit une fixation du gaz 
sur les parois du vase. Ce phénoméne rend possible 
une nouvelle application des gaz radioactifs a 
]’étude des surfaces. L’épaisseur de la couche super- 
ficielle du verre dans laquelle les atomes du radon 
sont introduits par ce processus est estimée a quelques 
dizaines d’A par la fraction du dépét actif du Rn 
libéré de la surface en suite de l’effet de recul. Ona 
examiné la nature du processus d’introduction des 
ions du gaz dans la surface et l’influence des con- 
ditions physiques et réactifs chimiques sur le dégage- 
ment du gaz de la surface. 

Cette méthode pour marquer les surfaces des corps 
solides avec les atomes du gaz radioactif peut étre 
utilisée dans les buts suivants: 

(1) La quantité du gaz radioactif introduite dans 
la surface dépend de son caractére physico-chimique. 
La présence de substances telles que matiéres grasses, 
matiéres plastiques, dérivés des hydrocarbures et 


autres, en couche méme extrémement mince a la 
surface du verre produit une diminution de la 
concentration ou l’absence compléte de rétention 
du gaz. Ceci est démontré sur les couches mono- 
moléculaires de stéarate de Ca déposées sur la 
surface du verre par la méthode de Langmuir- 
Blodgett. 

(2) On peut étudier la structure des couches 
métalliques trés minces sur la surface du verre en 
mesurant la quantité du gaz radioactif introduit d’une 
part dans la couche méme et d’autre part dans la 
surface adhérente du verre. 

(3) En mesurant la vitesse de dégagement du gaz 
radioactif de la surface de différentes substances on 
peut étudier les changements de structure produits 
par une réaction chimique, par une décomposition, 
etc. Ceci est démontré par la déshydratation ther- 
mique de l’oxalate de nickel. 


36 


Solvent-extraction Studies of Metal 
Halides at Low Concentration: the 
Role of Acid Ionization in bis(2-Chloro- 
ethyl) Ether. A. M. Poskanzer, R. J. 
Dietz, Jr., E. Rupziris, J. W. Irvine, JR., 
and C. D. Corvett, Department of Chem- 
istry and Laboratory for Nuclear Science, 
Massachusetts Institute of Technology, Cam- 
bridge, Massachusetts, U.S.A. 


Radioactive nuclides prepared without the use of 
added carrier offer the opportunity to study the 
physico-chemical behaviour of substances down to 
concentrations in the range of 10-12 M, but there are 
many serious technical difficulties in the way of 
achieving reliable results. Results are given on the 
behaviour of the trivalent halides of Ga, In, and Au in 
the extraction by bis(2-chloroethyl) ether from 
aqueous solutions of HCl and HBr of varying con- 
centration, and on the techniques for obtaining 
reliable results with this solvent of high dielectric 
constant (¢ = 19-5). The lower concentration limits 
achieved for good measurements with In(III) and 
Ga(III) are at the carrier-free level, but that for 
Au(III) is much higher because of reduction to Au. 

At fixed acid concentration, the concentration 
distribution ratio D (organic/aqueous) rises as the 
metal concentration M is decreased. This effect is 
diminished by the addition of the strong mineral acids 
HClO, and HNO,. These effects are ascribed to 
differences in the ionization in the wet organic 
solvent of the acids HCIO,, HNO,, HMCI,, and HCl, 
acid ionization constants being determinable from 
the measured D values. 

By careful measurement of the conductances of 
mineral acids in wet bis(2-chloroethyl) ether in the 
concentration range 10-7 to independent 
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values for some of the ionization constants have been 
obtained to compare with the values determined by 
radioactive methods. 
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The Use of Isotope Methods in Investi- 
gating the Structure and Properties of 
Heteropoly Compounds. V. I. Spirzin, 
U.S.S.R. 


The author of this paper and his associates (E. A. 
TorcHENKOVA, J. I. Bykovskaya, E. A. FABRIKOVA, 
A. V. Lapirsxy, J. F. Berezkina, K. G. Koneva, 
I. D. Ko tu et al.) employed radioactive and stable 
isotopes to study the mechanism of reactions in the 
formation and decomposition of heteropoly com- 
pounds, the relative strength of their anions, and the 
genetic bond between the aquopoly and heteropoly 
compounds, 

The employment of the method of self-diffusion, 
use being made of two radioactive indicators, P®? and 
W!85, has made it possible to establish that the inter- 
action between the phosphate and tungstate ions 
begins already in the alkaline medium (pH 9-8). It 
undergoes the stages of forming double salts and non- 
saturated phosphotungstates, and is culminated in an 
acid medium (pH 2:5-2-0) in the formation of 
heteropoly compounds of a saturated series. An 
increase in the pH solution to 6-0-6-5 results in the 
decomposition of phospho-12-tungstate and _ its 
transfer to a double salt of phospho-9-tungstate and 
normal tungstate. 

It has been ascertained that the addenda of the 
inner sphere in the anions of heteropoly compounds 
are sufficiently mobile for an isotopic and ionic 
exchange to occur between them. Such an exchange 
has, for example, been revealed between molybdeno- 
silicic acid and sodium phosphotungstate, and 
between molybdenosilicic and phosphotungstate 
acids. It has been noted that, as far as time is con- 
cerned, the exchange proceeds in stages, which 
testifies to the heterodynamic position of the inner 
sphere addenda atoms in the heteropoly compounds. 

Experiments on isotope exchange were also con- 
ducted between heteropoly and aquopoly compounds. 
It appeared that an acidified solution of Na,WO, 
containing sodium hexatungstate rapidly exchanges 
tungsten atoms with phosphotungstate and sodium 
silicotungstate. The exchange with a solution of 
crystalline sodium paratungstate proceeds slower, and 
there is no exchange whatsoever between phospho- 
tungstate acid and sodium metatungstate. A rapid 
exchange of molybdenum takes place between an 
acidified solution of Na,MoO, and sodium phos- 
phomolybdate. These investigations lead to the con- 
clusion that hexatungstate and hexamolybdate 
anions are structural units of heteropoly anions. 


However, when the solutions are acidified, the 
formation of aquopoly and heteropoly anions occurs 
simultaneously, and not in succession, as has been 
supposed by G. Jander. 

The application of deuterium and O18 in studying 
the nature of water bonds in aquopoly and heteropoly 
compounds has shown that the atoms of hydrogen and 
oxygen are very mobile in this case and readily begin 
an exchange with D,O and H,O}. 


38 


Surface Studies Using Ion Exchange 
Autochromatography. R. E. KReHBIEL 
and J. W. T. Spryxs, University of Sas- 
katchewan, Saskatoon, Saskatchewan, 
Canada. 


The heterogeneous exchange between the ions on 
the surface of an ionic crystal and the ions in a 
solution has been widely used as the basis for a radio- 
active method for determining the “active” surface 
areas of finely divided solids. When tracers isotopic 
with either the cation or the anion of the crystals are 
used, unexpected differences in surface behaviour 
sometimes show up. ‘These differences are con- 
veniently studied using a chromatographic column 
technique in which a column packed with the 
crystalline solid is eluted with a saturated doubly 
labelled solution of the same material—hence the 
name ion-exchange autochromatography. 

Results obtained using SrSO, precipitate and 
saturated SrSO, solution, labelled with Sr’? and 
$%Q,, are described. 
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Exchange Reactions of Uranium Ions in 
Solution. ExizaperH Rona, Oak Ridge 
Institute of Nuclear Studies, Tennessee, 
U.S.A. 


Exchange reactions with heavy isotopes have 
received increased attention in recent years. Several 
theories have been advanced to explain the paths 
through which electron transfer can occur. There are 
but very few heavy element systems which will lend 
themselves for the experimental tests of these problems. 
The exchange between uranium ions in hydrochloric 
acid solution, however, proceeds with measurable 
speed. The following two systems were studied: 


(1) Utt+ U*O,+? = Utt4 + uo,” 
(2) UOT? + U*O,*2 = UtOr + 
(the ion with asterisk is labelled with U?%.) 


Experimental data show that the rate of exchange 
is first order with respect to UO,** concentration in (1) 
and (2) and second order in respect to U** in (1) and 
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UO? in (2). It is —3x order with respect to pH 
in (1) and —3-7 in (2). The rate of exchange is 
considerably faster for (2) than for (1). 

The mechanism proposed for (1) and (2) is 
naturally somewhat different, but in both an 
activated complex ion is postulated with an oxygen 
bridge between the two uranium ions. 

The energy of activation of reaction (2) is lower. 
The entropy of activation is less positive than for (1). 
A hypothesis is advanced to account for these results. 
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Sulphuration of Metallic Surfaces by 
Thiourea Study by Radioactive Tracers. 
J. Liopis, J. M. Gampoa, L. ARIZMENDI, 
Instituto de Quimica Fisica, C.S.1.C., Madrid, 
Junta de Energia Nuclear, Madrid. 


The fundamental studies carried out about 
sulphurations of metallic surfaces are very scanty 
compared with oxidations. However, the mechanism 
of formation of surface films of sulphide is essentially 
similar to the mechanism of other reactions such as the 
formation of oxides or halides. The semi-conducting 
properties of the compounds formed play a funda- 
mental role in the kinetics of such surface reactions. 

The availability of radioactive isotopes of sulphur 
suggests the possibility of using radioactive measure- 
ments to follow the kinetics of the sulphuration 
process. This method has been used recently to study 
the reaction of the mixture H, + SH, in gaseous 
phase with copper, and also to study the reaction of 
sulphured oils (liquid phase) with metallic surfaces. 

Following this standpoint we have studied the 
action of thiourea in aqueous solution on metals of 
different reactivities, such as copper and platinum. 
For these experiments we have used S* labelled 
thiourea and the kinetics of the reaction has been 
followed by varying the time of contact of the 
reacting phases. 

The experimental method consists, briefly, in 
introducing metallic sheets of fixed size into the 
solution, in such a way that, by means of a slow 
rotating motor, they are moved up and down and 
simultaneously they rotate, to obtain an efficient 
renewal of the solution at the interface. From the 
measurement of the radioactivity of the sheets we can 
calculate the amount of deposit formed in each case. 

The experimental results suggest that in the case of 
Cu an actual reaction with thiourea takes place at the 
interface. These investigations have been extended 
with the study of the influence of the temperature, 
which allows the determination of the energy of 
activation. It can be seen that the reaction rate 
increases notably with the temperature. 


The kinetics of the reaction follows an expression of 
the form: 


and the representation of log k, against 1/7’ permits 
to draw a straight line, corresponding to an energy of 
activation of E, = 20-7 kcal/mol. 

However, in the plot of log kz against 1/7’ we obtain 
two straights of different slopes, the corresponding 
values of the activation energy being Ey, = 41-5 
kcal/mol and Ey, = 5-8 kcal/mol. It seems to us that 
the hydrolysis of the thiourea and the semi-conducting 
properties of the sulphide layer are sufficient to 
explain the kinetics of this reaction. 

In the case of Pt the interaction stops with the 
formation of a few layers (4) of molecular thickness. 
In this case the kinetics of the surface reaction can be 
accounted as a chemosorption of S on the surface of 
Pt or much better as the formation of very thin layers 
in accordance with the theory. 
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Etude de l’autodiffusion des ions dans les 
halogénures alcalins mono- et poly- 
cristallins a l’aide des radioisotopes. 
Jacques BENARD et JEAN-FRANCOIS LAURENT, 
Laboratoire de Chimie, 11 rue Pierre Curie, 
Paris, France. 


L’étude de l’autodiffusion des deux ions dans des 
cristaux uniques et dans des agrégats polycristallins 
des différents halogénures de potassium (KF, KCl, 
KBr, KI) et des différents chlorures alcalins (NaCl, 
KCl, CsCl) a été réalisée en fonction de la température 
grace a l’emploi des radioisotopes des différents 
éléments étudiés, par la méthode de découpage des 
échantillons au ‘“‘microtome.” Dans les cristaux 
uniques de ces composés, a l’exclusion de CsCl, et 
quelle que soit la température, la vitesse de diffusion 
des cations est toujours supérieure a celle des anions; 
de méme |’énergie d’activation du processus d’auto- 
diffusion des cations est toujours inférieure a celle des 
anions. Dans chaque série—halogénures de potassium 
et chlorures alcalins—l’accroissement du _ rayon 
ionique de l’ion variable produit une diminution de 
l’énergie d’activation de diffusion des deux ions 
lorsque passe d’un sel a l’autre. 

Dans les polycristaux, a une température donnée et 
pour un composé donné, la vitesse de diffusion du 
cation est identique a celle obtenue sur un cristal 
unique et ceci quelle que soit la grosseur des grains 
constituant l’agrégat polycristallin; par contre la 
vitesse de diffusion de l’anion s’accroit lorsque I’on 
passe du monocristal aux agrégats constitués de 
grains de plus en plus petits. De plus, pour une 
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grosseur de grain donnée, l’influence des surfaces 
intercristallines sur la vitesse de diffusion de l’anion 
s’accroit en passant du chlorure a l’iodure de 
potassium et en passant du chlorure de césium au 
chlorure de sodium. 

I] est possible d’expliquer ce comportement trés 
différent des cations et des anions, en faisant inter- 
venir la polarisabilité élevée de ces derniers, cette 
polarisabilité jouant un rédle important dans _ les 
phénomeénes de surface. 
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Contribution a l’etude de la catalyse 
hétérogéne par l’emploi des traceurs. 
Application a l’échange hétérogéne du 
entre HCI et CH,Cl et établissement 
d’un nouveau mécanisme d’échange. 
R. CorkeLBercs, A. FRENNET, et P. 
GossELAIN, Belgique. 


La vitesse d’échange du Cl** entre l’HCl gazeux et 
le CH,Cl gazeux est mesurable entre 150 et 300°C sur 
films métalliques de tungsténe évaporé sous haut vide. 
Les temps de demi-échange sont compris entre 5 
minutes et 8 jours. 

Les courbes expérimentales d’échange pour des 
pressions variables en HC] et en CH,Cl peuvent étre 
décrites par des équations de vitesse découlant des 
schémas classiques de Hinshelwood-Langmuir et de 
Rideal. On montre cependant qu’une série d’argu- 
ments d’ordre chimique justifient un schéma 
différent que l’on développe. Le point de départ est 
la formation de sites W-Cl dés la mise en présence des 
réactifs avec le catalyseur. Les différentes étapes 
correspondent aux équations: 


+ WCl = + HCl 
+ CH,Cl = CH,Ci* + WC! 


Chacune de ces étapes élémentaires a pu étre 
étudiée séparément grace a l’emploi de C!*6 d’activité 
5 mce/mole. Leur étude est décrite et les courbes 
complexes obtenues sont interprétées en tenant 
compte de la répartition des Cl®* a la surface des 
cristallites métalliques et de leur possibilité de 
diffusion. Des études par l’emploi de Cl°*, confirmées 
par des mesures de chimisorption et par diffraction 
aux rayons X, ont permis de préciser la structure du 
catalyseur employé. 

A partir des équations rendant compte des étapes 
élémentaires on a déduit une équation générale 
justifiant les valeurs expérimentales obtenues pour 
l’échange global. Cette équation peut étre appliquée 
a d’autres réactions d’echange hétérogéne signalées 
dans la littérature et d’une maniére générale a un 
grand nombre de réactions catalytiques de surface. 


On insiste sur l’importance des résidus de chimi- 
sorption dans ces réactions et sur l’intérét que 
présente la technique des traceurs dans la détermina- 
tion du nombre et de la nature de ceux-ci. 
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Etude a l’aide de Pt!*’? et de Pt! de la 
volatilisation du platine au cours de 
l’oxydation catalytique du méthane 4 
haute température. Busstire et 
BARTHELEMY Domansk!i, Laboratoire de 
Chimie industrielle, Faculté des Sciences, 
Lyon, France. 


Une étude spectrophotométrique de |’émission u.v. 
de filaments de platine au cours de leur utilisation a 
haute température pour |’oxydation catalytique du 
méthane par l’air a montré que la réaction se 
déroule en partie suivant un mécanisme comparable 
a celui d’une flamme de méthane. On a cherché des 
précisions sur le processus par le dosage du platine 
volatilisé dans ces conditions. Dans une premiére 
série d’expériences réalisées avec des rubans de 
platine irradiés 4 la pile atomique de Saclay, on a 
mesuré l’activité des gaz aprés leur passage sur le 
catalyseur, et on a trouvé que la quantité de métal 
qu’ils contiennent alors est plus forte lorsqu’on 
emploi le mélange air-méthane que lorsque lair 
seul est utilisé, pour une méme température du ruban 
mesurée au micropyrométre optique. 

Dans une deuxiéme série d’expériences, pour 
éliminer l’imprécision due a la présence d’activités 
parasites (iridium et or), les radioéléments volatilisés 
sont recueillis, mis en solution, puis séparés par 
chromatographie sur papier. 
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Autoradiographic Study of the Influence 
of Chlorine on Semi-conducting Alu- 
mina Layers. B. VeERKERK, Philips Re- 
search Laboratories, Eindhoven, Netherlands. 


It is a well known fact that the presence of very 
small quantities of chlorine in the electrolyte has a 
disastrous effect on the insulating properties of 
anodically formed alumina layers. 

An autoradiographic method was used to study the 
presence and distribution of adsorbed chlorine on 
alumina layers formed in a boric acid bath to obtain 
information on the mechanism of this attack. A 
proposed mechanism attributing the _ electronic 
conductance of degenerated layers to a_ partial 
displacement of the oxygen in the oxide by chlorine 
with a corresponding change in the valency of part of 
the aluminium did not seem to hold in the light of the 
results obtained. The distributions found pointed 
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toward the presence of imperfections in the oxide 
layers due to segregations of impurities at isolated 
places of the aluminium and along grain boundaries 
of recrystallized samples. Identical distributions were 
found for some adsorbed cations. From this and the 
work of French investigators it is concluded that the 
corrosion by chlorine of anodised aluminium is only 
due to impurities in the metal. 


45 


Etude de la diffusion des solvants dans 
les hauts polyméres cristallins. J. J. 
Pornt, Institut interuniversitaire des Sciences 
nucléaires, Centre de la Faculté poly- 
technique de Mons, Belgique. 

La diffusion dans les hauts polyméres de solvants ou 
de gonflants est généralement étudiée dans des 
échantillons isotropes macroscopiques ou dans des 
échantillons étirés. Dans la présente étude, on 
recherche les relations entre les vitesses de diffusion et 
Ja structure microscopique et submicroscopique des 
hauts polyméres. 

On étudie en premier lieu la diffusion de CCl, dans 
des échantillons plans. 

(a) de polyéthyléne sphérolithique obtenu par 
fusion suivie de cristallisation (constitués de 
sphérolithes dans lesquels les fibres naturelles 
sont disposées radialement). 

) de fibre N dans laquelle les fibres naturelles sont 
parallélisées. Le CCl,” marqué au Cl®® (par 
échange avec AICI,”) diffuse a partir d’une face 
de l’échantiillon préalablement gonflé avec 
CCl, inactif. On mesure la variation du taux 
de comptage d’un compteur G-M regardant 
l’autre face. La vitesse de diffusion transversale 
dans la fibre N est trouvée 3 fois plus petite que 
la vitesse de diffusion transversale dans le 
polyéthyléne sphérolithique. 

On étudie d’autre part la diffusion du benzéne 
marqué au Cl dans la fibre N et des échantillons 
sphérolithiques minces. L’ensemble des_ résultats 
obtenus est cohérent avec les autres renseignements 
structuraux que l’on posséde sur ces échantillons. 
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Using Radioactive Isotopes in Elaborating 
New Methods in Analytical Chemistry: 
Organic Co-precipitants. V. I. Kuznet- 
sov, U.S.S.R. 


The use of radioactive isotopes has made it possible 
to evolve rapidly a new category of organic reagents, 
namely organic co-precipitants. 

Organic co-precipitants are a new class of organic 
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analytical reagents employed for a selective concentra- 
tion of elements out of greatly diluted solutions with 
the aim of subsequently determining them by 
spectral, colorimetric or some other methods.’ As 
compared with non-organic co-precipitants, organic 
co-precipitants have a number of advantages: they 
are removed from the precipitates by simply ashing 
the latter; in complete co-precipitation of the 
desired elements they almost do not absorb other 
elements; they possess a great, easily controlled 
selectivity of work, and are available without any 
difficulty. 

The selective work of organic co-precipitants is 
quite comprehensible considering that as a result of 
the interdependence between the organic reagents of 
various analytical destinations, many rules are 
applied to them, well suitable in the case of reagents 
of other categories. They especially approximate 
organic precipitants and extracting reagents. 

In many cases, organic co-precipitants are in- 
soluble salts formed by heavy organic cations and 
anions. The co-precipitating element is transferred 
into a compound containing a large organic part. 
For example, Zn?* is co-precipitated by adding a 
large amount of methyl-violet and NH,SCN to its 
acidified solution. In this case the filtered precipitate 
of (methyl-violet)‘SCN falls out, which co-preci- 
pitates zinc as (methyl-violet),-Zn(SCN),. Cadmium 
(CdI,), bismuth (Bil;) and others are co-pre- 


‘cipitated in the same way with the insoluble pre- 


cipitate of methyl-violet iodide. The elements may 
also precipitate as chelate compounds. 

Co-precipitation with organic co-precipitants has 
been elabarated for over 35 elements, and in the case 
ofIn, Tl, Zr and Hf co-precipitation has been 
evolved with simultaneous separation of other 
elements. 

Although organic co-precipitants have been 
discovered recently, they are already applied in 
practice. The theory so evolved is helpful in finding 
easily and unmistakingly new co-precipitants for 
co-precipitation of desired elements. 
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The Use of Radioactive Isotopes in Spec- 
tral Analysis. E. E. Wenmstern, L. I. 
PAvLEenkO, Y. I. BELYAEv, U.S.S.R. 


The tracer atom method has been employed in each 
individual study of the processes of evaporation and 
excitation of some elements in the spark or arc 
sources used in spectral analysis. 

Radioactive isotopes of Mo, Zr, Ce, Na, K, Bi, and 
of some other elements were involved in the tests. 
The conditions of evaporation and excitation of atoms 
of the above elements present in some different 
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matrices and the dependence of the corresponding 
curves on the concentration of elements to be 
determined and on the presence in the sample of 
‘extraneous constituents” have been studied. 

By means of a pin-hole camera an effort was made 
to trace the spatial distribution of elements in the arc 
source plasma. The values obtained helped to reach 
a high standard of accuracy in spectral determination 
of some elements in rocks of various composition. 

The second part of this work is devoted to the 
results of application of radioactive isotopes in the 
study of evaporation of elements of various volatility 
from different matrices as suggested by S. L. MANDEL- 
stam and A. N. Semwex. In the Soviet literature this 
technique is known as “‘evaporation method.” 

The value of the extraction degree by evaporation 
of such impurities as K, Tl, Ni, Ba, Zn, Cd, and Bi 
from the oxides such as Pu, Th, Be, Zr, La, and U 
carried out in air atmosphere and in vacuum was 
obtained. 

The dependence of the extraction degree on the 
geometrical factors, temperature and duration of 
evaporation, weight of sample, and concentration of 
elements to be determined and of extraneous elements 
has been studied. 

It is demonstrated that at a temperature about 55 
per cent of the absolute melting point of the main 
constituent of sample an entire release of the elements 
to be determined, from the crystal lattice of matrix 
takes place, and the extraction degree of impurities is 
independent of the chemical nature of the matrix. 
The impurities release temperature in this case is 
close to the temperature of Tammann_ thermal 
loosening of crystal lattices. 
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Microdosage du carbone dans le fer 
irradié par les protons. J. J. Port, 
Institut interuniversitaire des Sciences nuclé- 
aires, Centre de la Faculté polytechnique de 
Mons, Belgique. 


Le microdosage par voie chimique du carbone dans 
le fer irradié par les deutons proposé par M. ALBERT, 
Chaudron et Siie, nécessité l’emploi de deutons 


d’énergie élevée. L’existence en Belgique de 
plusieurs accélérateurs de particules dont la tension 
est limitée conduit a étudier les possibilités de la 
réaction C!2(p, présente une résonance pour 
E, = 0-46 MeV. 

La pénétration de protons de cette énergie dans le 
fer est de l’ordre de 3 u. Un bon nettoyage de la 
surface assure cependant une bonne reproductibilité. 

On utilise des courants de cible élevés, ce qui 
compense partiellement la faiblesse relative de la 
section efficace. 
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L’influence des impuretés est étudiée. L’activité 
parasite est généralement négligeable. Ceci permet de 
commencer a compter moins de | min aprés la fin de 
Virradiation (sans séparation chimique). L’emploi 
de 2 scintillateurs y placés de part et d’autre de la 
plaque mince étudiée et associés a des discriminateurs 
d’impulsion travaillant sur la bande 400-600 keV 
et a une unité de coincidence conduit, en réduisant le 
rapport bruit de fonds/taux de comptage, a une 
limite de sensibilité de 3-10-49. La precision peut 
étre accrue en réalisant plusieurs irradiations 
successives. 

La spécificité de la méthode est élévée. 
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Détermination par activation neutronique 
de la concentration d’U? dans des 
oxydes d’urane. S. May et P. Lévégue, 
Section des Applications des Radioéléments, 
Commissariat a l’Energie atomique, France. 


Les méthodes classiques de mesure de l’abondance 
isotopique présentent le gros inconvénient d’étre 
longues et de nécessiter des séparations chimiques. 

Nous exposons une méthode non destructive de 
mesure de la concentration d’U**, Elle est basée 
sur la mesure globale de I’activité des produits de 
fission de courte période formés par une irradiation 
neutronique de 15 sec de |’échantillon. La précision 
relative moyenne est de l’ordre de +1:5°%4 pour 
des échantillons enrichis jusqu’a 20%. L’erreur due 
a la contribution de la fission rapide est discutée en 
détail. 


50 


Study of Niobium and Tantalum Com- 
plexes for Solvent Extraction Separa- 
tions. E. Bruninx and J. W. Irvine, Jr., 
Department of Chemistry and Laboratory 
for Nuclear Science, Massachusetts Institute 
of Technology, Cambridge, Massachusetts, 
U.S.A. 

A procedure was developed for the preparation of 
carrier-free Nb® (10-1-day) from bombarded Y,O,, 
using adsorption on an anion-exchange resin at high 
HCI concentration and elution with 4M HCI or 
2M HC! plus H,C,O,. Tracer Ta!®? 
(112-day) was obtained in high specific activity by 
exposing Ta in a reactor. These tracers were used to 
explore various possibilities for the extraction of either 
element from aqueous solutions containing com- 
plexing agents into various organic solvents, and to 
determine conditions for good separation of Nb from 
Ta. 

Methyl isobutyl ketone, amyl acetate, and benzene 


198 International Conference on Radioisotopes in Scientific Research 


gave only low extraction of the following Nb comp- 
lexes at pH 1-10: 1- and 2-naphthol, 2-nitroso-1- 
naphthol, alizarin-5, 8-quinolinol, and _thenoyltri- 
fluoroacetone. Better extraction of Nb was obtained 
at pH 10 into nitrobenzene, amyl acetate, and 
bis(2-chloroethyl) ether with the 5,7-dichloro-8- 
quinolinol complex and its dibromo analog, the 
distribution ratio (organic/aqueous) being about 
4. 

Studies were made on the extraction of Nb and Ta 
from HCI solutions of various concentrations, using 
numerous solvents. In every case the extractability 
of Nb is much higher than Ta, in several cases by 
more than the factor 10%. In all systems, the extrac- 
tabilities rise rapidly with increasing HCl until 
miscibility if approached, giving for example values 
up to 53 for methyl isobutyl ketone with 6-5 M HCl, 
and 6 for bis(2-chloroethyl) ether with 8-3 M HCl. 
The addition of 0-05 M H,C,O, improved the 
reproducibility without lowering greatly the distri- 
bution ratios for Nb. 


The distribution data gave some information on 


the nature of the complexes and provided the basis for 
practical separation of these elements from others and 
one another. 
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Utilisation des radioisotopes en chimie 
photographique. M. H. TELLEz-PLAsENcIA, 
chargé de recherches au CNRS, Laboratoire 
central des services chimiques de Il Etat, 
Paris, France. 


Un des problémes qui se posent le plus souvent en 
photographie, est celui de la détermination soit de 
l’argent photolytique, soit de l’argent développé, dans 
une émulsion impressionnée par un rayonnement: 
avec, fréquemment, la condition de respecter et de 
déterminer la localisation topographique de cet 
argent. Les quantités d’argent, et la surface qu’elles 
occupent, étant petites, c’est a des méthodes micro- 
chimiques et micro-spatiales qu’il faut faire appel. 
Les radioisotopes s’y prétent bien. 

Ceci implique plusieurs conditions, dont les plus 
importantes sond: 

(1) Réactions rigoureusement stoechiométriques 

(2) Grande sensibilité (définie par le rapport 
radioactivité/masse d’argent) 

(3) Rayonnement facile a délimiter par un dia- 
phragme (résolution spatiale). 

(Pour 1) nous avons utilisé de préférence Ag!® et 
Hg?®3, On peut employer aussi 

(Pour 2) il faut des corps permettant d’obtenir des 
fortes activités spécifiques: Ir!%?, Co®, Zn®, 

(Pour 3) des émetteurs donnant un rayonnement 
pur: f trés énergique ou y peu pénétrant, facile a 


délimiter par un diaphragme. Pour le f/f nous 
utilisons Sr89 et pour le y Cr! et Se”. 
Présentation des résultats. 
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Séparation chromatographique des alca- 
lins des alcalino-terreux et des terres 
rares. J. Fouarce et J. Fucrr, Labora- 
toires de. chimie analytique, Université de 
Liége, Belgique. 

Nous nous sommes attachés a mettre au point, 
grace a Jlemploi d’indicateurs radioactifs, des 
méthodes quantitatives de séparations d’alcalins et 
d’alcalino-terreux par chromatographie de partition 
sur cellulose et de terres rares par chromatographie 
sur échangeur d’ions. 

Les résultats essentiels obtenus sont les suivants: 

(1) Des éluants a base de méthanol contenant HCl, 
ou H,O, ou l’éther, permettent d’obtenir des 
séparations excellentes pour les alalino-terreux 
comme pour Li, Na, K. 

(2) La séparation Rb-Cs est obtenue par élution au 
phénol équilibré avec HCl ou H,O; cette méthode 
s’est avérée extrémement précieuse pour la _ pré- 
paration du_ radiorubidium de _ grande _ pureté 
radiochimique et pour l’extraction sélective du 
cesium des produits de fission. 

(3) Depuis plusieurs années, le laboratoire étudie 
la possibilité d’utilisation du complexon pour la 
séparation chromatographique des terres rares sur 
échangeurs d’ions. Les lanthanides forment des 
complexes dont la stabilité est non seulement trés 
grande mais surtout augmente de facgon importante 
avec le nombre atomique, laissant ainsi prévoir des 
facteurs de séparation trés importants. 

Les résultats chromatographiques que nous avons 
obtenus pour les terres rares cériques concordent 
parfaitement avec les prévisions théoriques; toutefois, 
étant donné la solubilité déja trés faible du complexon 
au pH requis pour ces éléments, l’application de la 
méthode s’est avérée difficile aux terres yttriques qui 
forment des complexes encore plus stables. Nous 
sommes parvenus a tourner la difficulté en éluant au 
complexonate de zinc, la résine se trouvant également 
sous forme zincique. 

Nous avons également examiné la_possibilité 
d'utilisation de ce réactif pour la séparation des 
actinides. 
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The Development of y-Ray Spectrometry 
Applied to the Analysis of Radioisotopes. 
D. H. Petrson and P. IrepAe, A.E.R.E. 
Harwell, U.K. 

The technique of y-ray spectrometry has become 
established as a method of radiochemical analysis. 
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Based on the use ofscintillation counters this technique 
can avoid or reduce the labour previously involved in 
this type of analysis. Examples are given of the 
spectral analysis of both fission product and neutron 
induced activities using the method of Compton 
compensation by subtraction. 

Recently the y-ray spectrometer has been extended 
to cater for shorter half-lives, lower activities and lower 
y-ray energies. The two-crystal subtraction method 
has been operated with a multi-channel pulse 
amplitude analyser, fitted with an addition-sub- 
traction facility, to record half-lives shorter than those 
measured with the single-channel analyser. A large 
sodium iodide crystal has been used with the multi- 
channel analysers to measure individual activities of 
down to 10-" curie of Cs? and contemporary 
(i.e. long-lived) fission products in a few hours opera- 
tion. An inadequacy of the sodium iodide crystal at 
low y-ray energies, due to resolution falling with 
decreasing energy, is being overcome by use of a 
xenon proportional counter. This can give a reso- 


lution, for example, of 6 per cent of 60 keV com- 
pared with 25 per cent using a sodium iodide crystal, 
and is of use in selective assay in the X-ray and low 
energy y-ray region. 

The increasing complexity of the electronic 
apparatus made available for the analysis of radio- 
isotopes is accompanied by increasing cost and special- 


ized skill required in operation of the apparatus. 
It is suggested that, in the larger establishments, 
considerable simplification and economy would 
follow from the storage of pulses on magnetic tape 
recorders. The tapes would be collected from the 
various experiments and the pulse spectra analysed 
at a central specialized laboratory. 
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Elucidation of the Mechanism of the 
Michael Reaction with C™ as Tracer. 
Osamu NAokr INAMoTO, and 
TAKAHIKO TuyukI, Department of Chemistry, 
Faculty of Science, Tokyo University, Tokyo, 
Japan. 

A Michael reaction between ethyl crotonate and 
diethyl methylmalonate in the presence of one 
equivalent of sodium ethoxide in ether produces 
triethyl 
Degradation of the product from this reaction with 
ethyl crotonate-(carbonyl-C!) demonstrated that 
an ethoxycarbonyl group migrates, in the inter- 
mediate carbanion, from the adding methylmalonate 
to the a-carbon atom of ethyl crotonate. 

It was further shown by a similar method that such 
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a migration does not take place in the reaction between 
ethyl crotonate and diethyl malonate. 

The work was then extended to a Michael reaction 
between ethyl tiglate-(carbonyl-C™) and diethyl 
methylmalonate in order to see the effect of a sub- 
stituent group at the «-carbon atom of the ethenoid 
component. The migration of the ethoxycarbonyl 
group took place to the extent of 2-4 per cent in ether 
and 1-2 per cent in alcohol, and the diethyl methyl- 
malonate which was recovered unreacted was found 
to contain Cl4, No addition product was obtained at 
all in the reaction in ether, when the sodio-compound 
was used which was prepared from methylmalonate 
and sodium instead of sodium ethoxide; nevertheless, 
the methylmalonate recovered contained an appreci- 
able amount of Cl, 

It is concluded from these results that, in the 
Michael reaction, a proton donor, which is present in 
the reacting system as a solvent or a reacting com- 
ponent itself, plays a very important part. In the 
presence of a sufficiently active proton donor, no 
migration of the ethoxycarbonyl group occurs, the 
intermediate carbanion of the addition reaction being 
immediately stabilized by protonation. In its absence, 
however, the migration takes place in the carbanion, 
and if it does not lead to a more stabilized structure 
than the original carbanion, there is set up between the 
reactants and the carbanion a reversible equilibrium 
which is shifted far to the side of the former. 
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Investigation of the Mechanism of Sulphur 
Compound Reactions and of Sulphur 
Isotope Exchange. G. P. MrIkLUKHIN and 
A. I. Bropsky, U.S.S.R. 


In recent years the Pisarzhevsky Institute of 
Physical Chemistry under the Ukrainian Academy of 
Sciences has carried on the following studies by 
employing radioactive sulphur: (a) the kinetics and 
the mechanism of sulphur exchange in organic 
compounds, depending on the type of bonds and the 
compound structure; (b) the mechanism of a number 
of formation reactions, reciprocal transformation 
and decomposition of polythionates. 

(1) Exchange with elementary sulphur proceeds 
rather easily in C=S bonds for example in xanto- 
genates, diethylthiocarbamates, urea and its deriva- 
tives, and in the derivatives and analogues of 
benzothiazoles (only in the C=S bonds of their 
thionic tautomers), Michler’s thioketone, and others. 
The exchange velocity increases in proportion to the 
degree of polarization of the C=S bond depend- 
ing on the type of linking and the introduction of 
corresponding substitutes. This corresponds to a 
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mechanism with the intermediate addition of a poly- 
sulphide chain of elementary sulphur: 


* 


S 
C=s +. ave S + 
n 


(2) There is no exhange in the C—S—C bonds of 
the ethers of diethyldithiocarbamic acid and the 
thiazole ring of benzothiazole derivatives. Neither 
is there any in the side-branch atom of sulphur in 
those derivatives of 2-mercaptobenzo-thiazole, which 
are incapable of being transformed into thionic 
tautomer. The same is true of the C—SH bonds of 
thiophenol, thiohydroquinone and thiosalicylic acid. 


(3) The mechanism of exchange with H,§ in the 
C=S bonds proceeds as follows: 


SH 
C=S + —>C=S + H,S 
SH 


It is similar to the mechanism of oxygen exhange 
between water and oxyanions: 


The latter has been confirmed by us on a number of 
acids and salts and it accounts for the dependence of 
this exchange on the nature of X atom and on the 
structure of the substance. 

(4) In the P=S bonds of thiophosphoric acids and 
their derivatives, for instance (RO), RS-Sh, (RO),- 
RS-SR, (RO), PS, there is no exchange because of the 
low polarization of this bond. It proceeds slowly in 
case of alkoxy groups being replaced by chlorine. 

(5) The mechanism of the reaction and the 
structure of tritetra-, penta- and hexathionates have 
been studied by synthesizing them from substances 
in which sulphur in both valency states differed in the 


isotope composition ,S.SO etc.) and by 
determining the radioactive sulphur distribution in 
the products of their decomposition. The following 
results were obtained: 

(a) The reactions of formation and transformation 
of polythionates occur by the transfer of SO, and 
SSO, groups and not of S atoms. This is also in 
agreement with the data on sulphur exchange in 
polythionates. 

(b) The sulphur atoms retain their valency states 
S! and S!V in these reactions. 

(c) The polythionates have a structure of non- 
branched polysulphide chains with SO, groups at 
both ends. 


(d) The structure and mechanism of polythionate 
reactions so established are in agreement with the 
conceptions put forward by MENDELEYEV in 1870. 

Participating in this research were: G. A. BLoKH, 
E. A. Gotusxkova, I. P. GRAGEROv, R. K. EREMENKO, 
I. I. KukuTenxo, V. A. LuNenok, A. K. REKASHEVA 
and L. V. Sutema. Taking part in section 4 were 
also M. I. Kaspacunik and T. A. Mostrryukova of 
the Institute of Elementary Organic Compounds, 
U.S.S.R. Academy of Sciences. 
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Application of Radiocarbon in Investi- 
gating the Mechanism of Consecutive 
Reactions of Butane-butylene-divinyl. 
A. A. BaLanpin, O. K. Bocpanova, G. V. 
IsAGULYANTs, M. B. Neman, and E. I. 
Popov, U.S.S.R. 


The method of labelled atoms in combination with 
investigations of kinetics allowed to establish the real 
mechanism of complex processes. Up to recently this 
method was not employed in quantitative studies of 
organic catalysis. 

In this investigation the method has been applied 
to study the stage mechanism of catalytic dehydrogena- 
tion, which is of primary importance for catalysis and 
catalytic kinetics. The tracer method has opened up 
new opportunities for studying this problem. 

By means of carbon C! we analysed dehydrogena- 
tion of a butane-butylene mixture (1 : 1) over two 
catalysts; the first (I) is generally used to obtain 
divinyl from butylene, and the second (II) to obtain 
butylene from butane. One of the initial mixture 
components was labelled with C4. By means of a 
special method, experimental data on change of con- 
centration and on specific radioactivity of butane, 
butylene and divinyl were analysed quantitatively. 
This allowed to determine the relation of the reaction 
rates by the following scheme: 


C,H, 

This relation was found to be W,: W,: W, = 
20: 1 : 1000 for catalyst (I), and W, : W,: Ws = 
18 : 1 : 25 in the case of catalyst (II). 

This experimental fact has allowed to establish the 
reaction mechanism and find out the physical mean- 
ing of all kinetic constants. 

A similar method using diviny] labelled with radio- 
carbon, has allowed to obtain the rate constants in the 
formation of carbon dioxide from butane, butylene 


2 
OH 
X=O + H,O—>x% +H,0 
\ou 
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and divinyl, with dehydrogenation of butane-butylene 
mixtures diluted with water vapour. It has been 
proved that over 90 per cent of carbon dioxide is 
obtained from divinyl. 

Investigation of dehydrogenation of butane- 
butylene mixtures with one of the components 
labelled with C!4 allowed to observe a new reaction of 
hydrogen transfer from butane to butylene, the nature 
of which is similar to isotope exchange and to 
irreversible catalysis investigated by Academician 
N. D. ZE.insky. 
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Employing the Method of Labelled Atoms 
in Studying the Successive Stages of 
Hydrocarbon Oxidation. A. B. Nat- 
BANDYAN, M. B. Nermman, and N. M. 
EMANUEL, U.S.S.R. 

Many oxygen containing products are formed in 
the process of slow oxidation of hydrocarbons, such as: 
peroxides, alcohols, ketones, acids and aldehydes, as 
well as products of deeper oxidation, namely CO, CO, 
and water. 

To find out the mechanism of oxidation and to 
establish the principles of controlled oxidation it is 
necessary to know the sequence of formation of the 
above-mentioned products. 

There is reason to believe that the molecular 
intermediate peroxide compounds RO,H play the 
major réle in low temperature oxidation. . 

A rise of temperature results in formation of the main 
part of the products from the decomposition of the 
hydro-peroxide radical RO,. The most unambiguous 
data on the sequence in which the products are 
formed can be obtained by means of the kinetic tracer 
method suggested by M. B. NEIMAN. 

The following sequence in the formation of oxida- 
tion products has been established in the case of a 
cyclohexan oxidation reaction under pressure and at a 
temperature of about 150°: 


cyclohexan—>cyclohexyl hydro-peroxide—cyclohexanol 


cyclohexanon adipic acid—-CO, 


To establish precursors of intermediate products 
experiments were carried out with additions of cyclo- 
hexans, cyclohexanol and cyclohexanon labelled with 

The following precursors have been established by 
means of the jet method at high temperature oxidation 
of methane (at 650-670°) and short time periods: 


methane—formaldehyde—CO 


It has also been found that CO, is not formed by 


CO oxidation. 
When propane, propylene, butane and pentane are 


acidified, CO, is not formed out of CO. By adding 
CH,C", it has been proved that considerable quanti- 
ties of CO and CO, are formed out of the carbonyl 


group of acetaldehyde. 
58 


Evidence for Open Carbonium Ion Inter- 
mediates in the Deamination of Amino- 
alcohols. Cxiair J. and Ben M. 
BenjAMIN, Oak Ridge National Laboratory, 
Tennessee, U.S.A. 


It has been shown that the additions of phenyl- 
magnesium bromide (C™ labelled) and of p-tolyl- 
magnesium bromide to «-aminopropiophenone are 
98-99 per cent stereospecific. The rearrangement, in 
the presence of nitrous acid, of (+)- or (—)-l, 
1-diphenyl-2-aminopropanol(IV) stereospecifically 
labelled with Cl in only one of the two phenyls, has 
been shown to produce «-phenylpropiophenone (VII) 
which has undergone approximately 88 per cent 
inversion (with 12 per cent retention) at the migration 
terminus. These results are in agreement with those of 
A. McKenzig, R. Rocer and G. D. Witts, 7. Chem. 
Soc., 779 (1926) cf.; also H. I. Bernsrern and F. C. 
Wuirmore, 7. Amer. Chem. Soc., 61, 1324-26 (1939). 
The product from the deamination of (+)-IV was 
resolved into a (—)-fraction ({x]?$ = —210°) and a 
very nearly racemic ([x]%4 = —1-6°) fraction. Degra- 
dation of these two fractions followed by radio- 
activity assay of the degradation products disclosed 
that migration of the labelled phenyl resulted in 
inversion to produce (—)-VII, whereas migration of 
the unlabelled pheny] resulted ir retention to produce 
(+)-VII. The deamination of labelled 2-amino- 
1,1,2-triphenylethanol, has also been studied. The 
results of the present research refute the cis-transition 
state of Curtin. P. I. Pottak and D. Y. Curtin, 
J. Amer. Chem. Soc., 72, 961 (1950); D. Y. Curtin and 
P. I. Potxak, ibid., 73, 992 (1951); D. Y. Curtin, 
E. E. Harris and P. I. Potwak, ibid., 73, 3453 (1951) 
and D. Y. Curtin and M. C. Crew, ibid., 77, 355 
(1955) and are explained in terms of open carbonium 
ion intermediates whose rotation about the C—C bond 
is restricted, and whose phenyl! groups migrate solely 
through trans-transition states. 
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The Reaction between Isotopically Labelled 
Methyl Radicals and Methane. F. S. 
Darnton, K. J. Ivin, and F. WILKinson, 
School of Chemistry, Leeds University, U.K. 
(a) Equilibrium constants for the reactions 

CD, + CH,— CD,H + CH, 
CH, + CD, CH,D + CD, 
CH, + CMH,— CH, + C“H, 
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at 300, 450 and 600°K have been calculated using 
available spectroscopic data. 

(b) The specific activity of the ethane (S,) formed 
during the photolysis of acetone in the presence of 
methane-C} of activity (S,) has been determined and 
shown to obey the theoretical relationship 

1 Reo 
S kg Ren, 


CH,COCH, 1 
CH, S, 


where k, is the rate constant of reaction (3) and k, the 
rate constant of reaction (4) 


CH, + CH,COCH, - CH, + CH,COCH, (4) 


(c) The values of the energies of activation and fre- ° 


quency factors of reactions (1), (2) and (3) are 
discussed. 
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Study of the Tautomerization of Benzy!- 
idene-benzylamine Labelled with C™. 
J. M. Gampoa, R. and 
R. PéreEz-Ossorio, Instituto de Quimica 
Fisica, CSIC, Instituto de Quimica, CSIC, 
and Junta de Energia Nuclear, Madrid, 
Spain. 

The rate of the prototropic change, Ph—CH,—N= 
CH—Ph Ph—CH==N—CH,—Ph catalysed by 
ethoxide ions in ethyl alcohol-dioxan has been deter- 
mined at four temperatures, starting with the azome- 
thine labelled with C™ at the methylenic carbon atom. 
For the evaluation of rates, samples of the reaction 
mixture, isolated at different reaction times, were 
hydrolysed with hydrochloric acid and the benzal- 
dehyde separated as its semi-carbazone and the benzyl- 
amine as its benzoil derivative. These derivatives, 
after crystallization, were burned and the carbon- 
dioxide precipitated as barium carbonate. The 
activities of these samples measured at infinite thick- 
ness allow the determination of rates. A blank test 
with initial azomethine proved that contamination of 
the semi-carbazone and benzoilamine can be substan- 
tially avoided. The suitability of the method could be 
tested by adding the activities of the two derivatives 
obtained from each sample of reaction and comparing 
it with the activity of the original benzylidene- 
benzylamine and that of the benzoylbenzylamine 
obtained from the hydrolysis of this initial compound. 

Arrhenius parameters for the reaction have been 
calculated and compared with those for the tauto- 
merization of alkyl derivatives of benzylidene-benzyl- 
amine studied by other methods. This comparison 
throws light about the influence of electronic and 
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steric effects of alkyl groups in the mechanism of 
prototropic change in methylene-azomethines. 
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New Features of Mechanism of Catalysis 
obtained by means of Isotopic Data. 
S. Z. Rocinsky, U.S.S.R. 


Isotopes have been extensively used in work on the 
mechanism of catalysis carried out in the laboratory of 
catalysis at the Institute of Physical Chemistry of the 
U.S.S.R. Academy of Sciences to build a scientific 
basis for regulating the properties of catalysts and 
finding new ones. 

In collaboration with M. M. SaxuHarov ef al. a 
study was made of radiocarbon distribution in the 
hydrocarbons obtained by hydrogenation of carbon 
monoxide on the cobalt-thoria contacts with different 
labelled compounds being added to the primary mix- 
ture of gases. In this way it was possible to show that 
the reactions proceeded through two-dimensional 
chains of growth. It is by the same method that two- 
dimensional ‘“‘relay-race’’ chains were detected in 
hydro-polymerization of ethylene-carbon monoxide 
mixture. The erroneousness of both carbide and 
dehydration-condensation theories of synthesis of 
alkans and the probability of radical ionic mechanism 
of chain development has been demonstrated. 

A study of distribution of radio-carbon of different 
labelled molecules in the products of oxidation of 
olefins and paraffins on some oxides and on silver 
metal made in collaboration with L. J. MARGOLIs e¢ al. 
has demonstrated the predominance of independent 
and parallel formation of several products of mild and 
complete oxidation. The results obtained show the 
destructive-chain mechanism of hydrocarbon oxi- 
dation. 

A study of homomolecular isotopic exchange of 
oxygen made on catalysts showed the significance of 
the ion radical Og as a primary active form which 
accounts for the formation of the labile intermediate 
forms (ion-radicals of the peroxide/RO 9 / type). 

Effective radiochromatographic methods for analy- 
sis of catalysts have been worked out in collaboration 
with M. I. JANovsky et al. for studying the stage type 
mechanism of catalytic reactions. 

The kinetic principle of both catalysis and chemi- 
sorption is characterized by a strong influence on the 
velocity constants, thermal effects, and superficial 
process activation energy of the adsorption layer 
composition and of the degree of covering. A series 
of isotope methods of investigation worked out in 
collaboration with N. P. Keyer make it possible to 
establish in the above phenomena the relative signifi- 
cance of “‘biographical”’ non-uniformity and of direct 
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and indirect interactions within the layer. In this way 
we define the distribution function and the law of 
interaction within the layer. A large set of energetic 
values (high nonuniformity of surface) of some metal- 
lic and semi-conduction catalysts was demonstrated 
by these methods. These studies, as a rule, showed a 
lack of appreciable effects produced by interaction. 
In the case of catalytic decomposition of alcohol and 
some reactions of acetylene the progress of some parti- 
cular reactions on different groups of active sites was 
demonstrated unambiguously. The activity of dif- 
ferent sites is primarily related to the valency defects 
of the crystal lattice. They are mainly micro- 
impurities of acceptors and donors of electrons dis- 
solved in the lattice or adsorbed. The capture of 
impurities in the genesis of catalysts has been success- 
fully traced radiochemically. This work was done in 
collaboration with G. M. Zaprova et al. 
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The Isotopic Composition and the Ratio 
of Sulphur Isotopes in Meteorites and in 
the Earth. A. P. Vinocrapovy, U.S.S.R. 


(1) The isotopic composition of the sulphur of 
crystalline rocks, of magmatogene sulphides and of 
volcanoes, as well as the isotopic composition of the 
sulphur of stony and iron meteorites has been studied. 


(2) The isotopic composition of the sulphur of stony 
and iron (troilite) meteorites proved to be identical 
(S#2/S34 ~ 22-20). That means that in the process of 
stony and iron meteorite formation there was no such 
differentiation of the matter as the fractional differ- 
entiation of the terrestrial rocks. The author admits 
that both classes of meteorites were formed indepen- 
dently out of the primarily dispersed cosmic substrate. 

(3) The isotropic composition of basic and ultra- 
basic crystalline rocks on the average has a markedly 
lower S*?/S*4 ratio than the isotopic composition of 
meteorites (~22:15). The isotopic S*2/S* ratio of 
magmatogene sulphides also was ~22-15, typical 
magmatogene sulphides such as the sulphides of 
Norilsk and Moncha Tundra showing a particularly 
low S*?/S*4 ratio, ice. ~21-80. The isotopic sulphur 
composition of volcanoes ranges from ~22-2 to a 
somewhat higher value. 

A change in the isotopic composition of cosmic 
sulphur (meteorites) appears to have taken place in 
the process of differentiation of the terrestrial rocks. 

(4) The disarrangement of the isotopic composition 
of the sulphur of rocks and of the eruptive sulphides of 
the Earth gives an idea of the processes of differentia- 
tion of the Earth into layers. The significance of the 
isotopic exchange and the evaporation of sulphur in 
this process has been considered. The isotopic process 
has been studied with S*. 
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Radioactive Methods for Labelling and 
Tracing Sand and Pebbles in Investi- 
gations of Littoral Drift. D. B. Smirx 
and J. D. Eakins, A.E.R.E., Isotope Division, 
Harwell, U.K. 


The use of radioactive tracers for the study of silt, 
sand and pebble movement is becoming an estab- 
lished technique. A wide variety of materials have 
been used as tracers, including labelled ground glass. 
A technique is now used for surface labelling sand and 
hard pebbles by adsorption of a layer of an element 
on the sand, followed by a baking process to stabilize 
the material. A number of metallic elements of high 
cross-section have been investigated, and material 
suitable for use as a tracer has been prepared. 
Carrier free Ba!?° separated from its daughter product 
La!#° can be used. Sand can be labelled up to a 
specific activity of about 100 wc/gram with this low 
energy -emitting isotope (half-life 12 days) with con- 
sequent ease of handling and the high energy y 
radiation from the La! which builds up with a 
half-life of 40 hr makes it a very suitable tracer. 

An experiment using Ba! labelled flint pebbles 
enabled beach movement to be tollowed for 6 weeks, 
using a portable scintillation counter. Location of 
several per cent of the original number of pebbles used 
was possible for about a month, during which time 
movements of over half a mile were measured. 
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Investigation of Antique Relics by means 
of B-Ray Back Scattering. 
ASAHINA, Fumio YAMASAKI, Kazuo YAMA- 
sAKI, National Science Museum, Scien- 
tific Research Institute, Tokyo, Japan, 
and Faculty of Science, Nagoya University, 
Nagoya, Japan. 

The utilization of radioisotopes provides us with 
efficient but non-destructive means for the scientific 
study of precious ancient treasures, which are in most 
cases placed under the restrictions originating from 
the special requirements concerning preservation. 

The method of back scattering of {-particles was 
employed in investigating ancient relics with a view 
to determining: 


(1) The lead content of glass articles and that of 
glaze of porcelain wares, which are being kept at 
various temples, the Shosoin Treasury built about 
1,200 years ago in the city of Nara and the Tokyo 
National Museum, 

(2) The chemical composition of bronze mirrors 
and vessels, which are being kept at the Shosoin 
Treasury, 
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(3) The thickness of gold gilt on the large bronze 
Buddha Image, which was cast about 1,200 years ago 
being the largest one in the world and is now being 
kept at the Todaiji Temple in Nara. 

Further, we executed a tentative investigation in 
order to identify mineral pigments by the f-ray back 
scattering and it was confirmed that the method is 
applicable to the identification of some pigments, 
with which relics are painted, namely, lead white 
could be distinguished from clay and chalk, and red 
ochre from red lead and cinnabar. 
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Co-precipitation of Iodide Ions by Some 
Metallic Hydrated Oxides with special 
reference to Iodide Accumulation in 
Bottom Water Layers and Interstitial 
Water of Muds in Some Japanese Lakes. 
Ken SuGAWARA and Kikxuo TERADA, Chemi- 
cal Institute, Faculty of Science, Nagoya 
University, Nagoya, Japan. 

The writers devised a spectrophotometric method 
for determining a minute quantity of iodide in natural 
waters (Bull. Chem. Soc. Japan, 28, 494-497 (1955)). 
By applying this method they were successful in 
establishing that iodide is accumulated in bottom 
water layers and in interstitial water of muds in some 
lakes in Japan. 

In order to explain this phenomenon, they con- 
ducted a series of experiments by applying I’! to 
solutions of salts of iron, manganese and aluminium 
and to a mixture of lake muds and distilled water. 

The conclusion is: 

In the upper water layers, iodide ions are selectively 
captured by suspended floccula of hydroxides of iron, 
manganese, and aluminium and then sink to the 
anaerobic layers where reductive changes in the 
flocculent hydroxides release the once-captured 
iodide into free water. 

This liberation of iodide in bottom water layers is 
incomplete. Consequently, a considerable portion of 
the sinking floccula reaches the bottom to form muds 
in which reductive changes are stronger inducing a 
heavy accumulation of iodide in the interstitial water 
of muds. 
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The Use of Radioactive Tracers in the 
Study of Passive Films on Metals. 
D. M. Brasuer, C. P. De, A. H. Krncssury, 
and A. D. Mercer, Department of Scientific 
and Industrial Research, Chemical Research 
Laboratory, Teddington, U.K. 


Alternative theories of the passivity of iron in solu- 
tions of corrosion inhibitors postulate that protection 


is due to (1) an adsorbed film, (2) a protective 
(“‘precipitation’’) film, on the metal surface. 

Direct experimental evidence in support of these 
theories has, in the past, been based mainly on (1) 
chemical analysis of stripped surface films; (2) elec- 
tron diffraction examination of surface films, stripped 
or in situ. Neither of these methods is sensitive enough 
to detect very small amounts of surface constituents. 
The radioactive tracer technique offers a tool at once 
direct and sensitive, able to give exact information 
concerning both the quantity and (by means of auto- 
radiographs) the distribution of substances taken up 
by the surface. In the present work, using potassium 
chromate labelled with Cr*!, approximately 0-01 ug 
Cr/cm? has been measured. 

The method of preparation of high purity active 
potassium chromate solutions is described. 

Calculations of the experimental errors involved 
in the determination of Cr on the metal surface are 
given, together with the estimated accuracy of the 
observations. 

Selected experimental results are quoted to indicate 
the scope of the information obtainable by this 
technique. For example, it has been shown that film 
growth in air, and in solution (following the rapid 
formation of an adsorbed layer) are both “‘logarith- 
mic.”’ These results are of particular interest, being 
in accordance with growth laws for very thin films 
predicted on theoretical grounds by Morr and 

Alternative methods of measuring oxide growth in 
air are available, but are less sensitive (e.g. weight 
increment or cathodic reduction) or are difficult to 
interpret (e.g. optical methods). 
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A Radioisotopic Study of the Effect of 
Surface Conditions during Wear of 
Tungsten Carbide. J. GoLpEN and G. W. 
Rowe, Tube Investments Research Labora- 
tories, Hinxton Hall, Cambridge, U.K. 


This paper describes an experimental study of the 
wear of tungsten carbide sliders which have been 
neutron activated to produce predominantly W!8’, 
Active fragments are detached by the sliding process 
and can be quantitatively assessed by a scintillation 
counter or by autoradiography. Calibrated micro- 
densitometer records are used to locate and measure 
accurately about 10-! g of tungsten carbide on one 
millimetre of sliding track. Where smooth wear 
occurs this corresponds roughly to a layer 6 A thick. 

A simple apparatus produces long spiral tracks on a 
flat disc and at the same time measures the forces 
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involved. By dividing the disc into segments, each 
differently treated, it is possible to obtain ten or more 
independent determinations of wear rate in a given 
segment during a single run. It is found that the wear 
rate is adjusted to its equilibrium value in a very short 
distance and that this value is reproducible in any one 
segment. 

The results show that the wear is very much depen- 
dent upon the mechanical and chemical state of the 
surface. It is seen, for example, that scratches left by 
20 u abrasive papers on copper discs can cause sudden 
sharp increases in wear. Residues left by ammoniacal 
etching increase wear, while those left by aqueous 
hydrochloric acid decrease the wear, even after care- 
ful washing. Standard preparation techniques such as 
benzene or alcohol degreasing are found to leave 
contaminant films which reduce the wear. When 
polished, tungsten carbide wears more smoothly but 
more heavily than when etched. 

Oxide films increase the wear on copper and there 
appears to be a direct relationship between thickness 
of oxide film and wear rate. On normally clean 
copper the wear is nearly proportional to the fricticn 
force. 
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Source of Non-metallic Inclusions in Steel 
Ingot. Tunezo Sarro, et al., Tohdku 
University, Sendai, Japan. 


With a view to obtaining clean steel ingot, a study 
was performed on the origin of non-metallic inclusions 
by the use of radioactive tracer. The radioactive 
isotopes Ca as CaO and Zr® as ZrO, were impreg- 
nated to the pouring refractories, which are the fertile 
source of inclusions. Mild steel was melted and re- 
fined in a 150 kVA Héroult furnace, tapped into the 
tagged ladle and an ingot of about 90 kg was obtained. 
Non-metallic inclusions extracted from the ingot, 
ingot scum, slag and all other radioactive products 
were collected, weighed and counted. 

In the light of these treatments, the behaviours of 
the eroded refractory materials carried along by the 
pouring stream are quantitatively traced with the 
following results: 

When nozzle, stopper and fireclay mortar were 
tagged (pouring temperature: 1550°C), 69-7 g of the 
tagged parts were eroded, 5-6 per cent of which were 
eventually transported into the ingot case. 56-4 per 
cent of the transported refractories were refloated as 
ingot scum, and the rest (43-6 per cent) was retained 
in the ingot as non-metallic inclusions. 

The ratio of the non-metallic inclusions of the 
tagged refractory origin to the total inclusions in the 


ingot was 2-86 per cent. In the case when all the 
refractories of the ladle were tagged (pouring tempera- 
ture: 1550°C), inclusions of refractory origin amoun- 
ted to 8-74 per cent of the total content of inclusions. 

The behaviours of the eroded refractory materials 
were found to depend on pouring conditions. For 
instance, when pouring temperature increased, the 
erosion became stronger, with a larger amount of the 
materials being floated as ingot scum than in the case 
of lower pouring temperature, and cleaner ingot was 
obtained. 
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Measurement of the Relative Mobility of 
Cations in Mixtures of Fused Oxides. 
V. I. Mackin and L. A. ScHWARzMAN, 
U.S.S.R. 


Measurement of the transference numbers of ions 
in mixtures of fused oxides gives information on the 
relative mobility of the ions, this information being 
important for the extension of our knowledge of the 
structure of liquid silicates, phosphates and similar 
systems close in composition to metallurgical slags. 

A method has been developed at the Institute of 
Metals and the Physics of Metals of the Central Iron 
and Steel Research Institute for determining the 
transference of cations in fused oxides, based on 
measurement of minor concentration change. 


These changes were measured with great accuracy 
by using the radioactive tracers Ca®, Na*4, and K®. 


The transference numbers of the calcium ion in 
calcium phosphate and of the sodium ion in sodium 
silicate were measured. The transference numbers of 
the cations (Ca++ and Na*) in such fusions were 
found to be close to unity. 

It was found that when sodium and calcium ions 
are present together in a silicate melt (Na,O-CaO- 
4SiO, liquid) the mobility of the Na* ion is approxi- 
mately twice that of the Ca** ion. 

Measurement of the transference numbers of sodium 
and potassium ions in the melt Na,O-K,O0-4Si0, 
showed that the mobilities of these cations are close 
in value. At the same time, the transference number 
of the potassium ion in the melt Ka,O-CaO-4SiQO,j is 
much higher than that of the calcium ion in the same 
melt and higher also than the transference number of 
the sodium ion in the liquid Na,O-CaO-4SiO,. This 
shows that the cations in silicate melts mutually 
influence their mobilities. 

In the system CaO-Al,O,-SiO,, as the concentra- 
tion ratio Al,O, : CaO rises the transference number 
of the calcium cation decreases. This shows that 
melts of this system may contain aluminium in the 
cationic form which competes with the calcium ion in 
transference of electricity through the slag. 
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Investigation of the Thermodynamics of 
Metallurgical Reactions. L. A. ScHwArz- 
MAN, U.S.S.R. 


The study of the thermodynamics of metallurgical 
reactions is important both for improvement of indus- 
trial techniques and for extension of our knowledge 
in the field of the physical chemistry of molten media. 

The report presents methods of investigation based 
on the use of radioactive isotopes and communicates 
some of the results of these investigations. 

Two directions of thermodynamic investigations 
are examined, namely, the study of distribution 
equilibria of elements between liquid iron and slags 
of various compositions (work carried out at the 
Central Iron and Steel Research Institute), and the 
determination of the thermodynamic activity of the 
elements dissolved in the liquid iron (work carried out 
at Moscow Steel Institute) 

In the first direction methods have been developed 
in which radioactive isotopes are introduced either 
into the metal or into the slag. Equilibrium is thus 
set up both for the passage of elements from the metal 
into the slag and for the reverse passage. The advan- 
tages of the use of radioactive isotopes may be summed 
up as follows: 

(1) Possibility of carrying out investigations with 
very low concentrations of elements, at which both 
the metallic and slag melts may be regarded as 
infinitely dilute solutions; 

(2) Speed and reliability of determination of the 
concentrations of elements in metal and slag samples. 

In the experiments the distribution coefficients of 
the elements as between metal and slag of constant 
composition were determined from radioactivity 
measurements as functions of the temperature. The 
thermodynamic functions of the transition reactions 
of phosphorus, sulphur, chromium, tungsten and 
molybdenum from iron into slags were determined by 
this method. 

The partial pressures of vapours of refractory sub- 
stances and of the components of liquid metallic melts 
can be determined only by using radioactive isotopes, 
as the quantities of these evaporated substances are so 
small that they cannot practically be determined by 
chemical analysis. The methods which have been 
developed have made it possible to study the thermo- 
dynamic properties of solutions of sulphur, phos- 
phorus, chromium and silicon in liquid iron. 

A simple method of determining the thermo- 
dynamic activity of elements dissolved in liquid iron 
by measuring the radioactivity of refractory plates has 
been developed and was used for the determination 
of the thermodynamic activity of sulphur in liquid 
cast iron. 
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An Assessment Trial of the Quality of 
Refractory Materials Used in Casting 
Pit and the Distribution of Non-metallic 
Inclusions in Steel by Means of Radio- 
active Tracers. Tapreusz MALKIEWICZ, 
Roman Wusatowski et al., Institute of 
Metallurgy, Gliwice, Poland. 


An attempt has been made to investigate the distri- 
bution and amount of non-metallic inclusions origi- 
nating from refractories used in casting pit by means of 
radioisotopes Fe®*®. The radioisotope in the form of 
Fe,O, has been introduced into the fireclay batch 
used for brick making. 

Ingots and blooms of steel for deep drawing have 
been investigated by autoradiographic methods and 
measurement of radiation intensity. For comparison 
of different refractories used for runner bricks two 
ingots in each runner made of different fireclay have 
been poured. Fireclay batch giving brick with 
refractoriness 1510, 1690, 1750°C respectively has 
been used. 

The investigations have shown, that regardless of 
the kind of refractories used in given mould and hot 
top the non-metallic inclusions originating from 
runner bricks remained mostly in the body of the 
ingot remaining after discarding crops. Runner 
bricks with the lowest refractoriness have given the 
most uniform distribution of inclusions along the 
ingot and the lowest mean radiation intensity. 

The poorest results were obtained with runner 
bricks having the highest refractoriness. 

The pattern of distribution of inclusions in the 
ingot has the form of a paraboloid in the head of 
ingot with shape similar to solidification isotherms. 
In the ingot butt another shorter paraboloid with its 
vertex towards the top of ingot was observed. 

The examination of the fractures of blooms have 
shown that the radioactive inclusions were mostly 
distributed in a zone embedded up to 7 mm below 
the surface. The depth of this zone increased 
towards the top of ingot. 

The results relating to the quality of different type of 
refractories obtained by use of radioactive tracers 
have been confirmed by statistical control of deep- 
drawn products. 
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Investigation of the Action of Modifying 
Agents in Flotation by Means of Radio- 
active Tracers. O. S. Bocpanov, V. J. 
Harinman, N. A. Yanis, A. K. Popnek, 
U.S.S.R. 


The report demonstrates the very promising pros- 
pects of applying the radioactive tracer method to the 
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study of flotation, a method of mineral concentration 
which has found wide use in the mining and metallur- 
gical industry. 

This communication presents the results obtained 
from using the radioactive tracer method in a study 
of the interaction between various flotation reagents 
and sulphide and non-sulphide minerals. The iso- 
topes employed for this purpose were S*°, C14, P3?, 
Cu®, Ca®, 

These investigations have shown that: 

(a) Depressant action in flotation is due in some 
cases (sodium sulphide, high pH values, etc.) to 
displacement of the collector from the mineral surface 
by the depressant ions. In other cases (such as the 
action of potassium chromate on galena or ferro- 
cyanide on chalcocite and bornite) depression is 
caused by the sorption of depressant ions on the 
areas of the mineral surface that are free from 
collector, the hydrophilic effect of the depressant ions 
superseding the hydrophobic effect of the sorbed 
collector. Intermediate cases are also possible where 
depression of flotation is caused both by partial 
displacement of the collector and by the hydrophilic 
effect of the sorbed depressant ions on the mineral 
(e.g. the depression of galena by phosphate or of 
wolframite by sodium silicate). 

When flotation is made possible by the presence 
of activating ions, the action of the depressant is 
reduced mainly to that of de-activation of mineral 
surface. 

(b) The action of activating ions consists in 
increasing the sorption of the collector and in creating 
conditions favouring more stable adherence of the 
collector. It was established in this connection that 
effective flotation of minerals requires only partial 
activation of the surface, enough to secure the 
necessary collector sorption (20 to 40 per cent of a 
monolayer). 

(c) The nature of the interaction between flotation 
reagents and minerals varies: it may be governed 
by the laws of chemical interaction between non- 
isomorphic ions (chemisorption or, when the for- 
mation of a new phase is involved, heterogeneous 
chemical reaction), of primary exchange sorption 
(sorption of isomorphic ions), of potential determining 
sorption or of secondary electrostatic sorption 
(particularly in the diffuse part of the double 
electric layer). 
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Investigation of the Solubility of Low 
Volatility Substances in High Pressure 
Steam by Radio Isotopes. M. A. Srryt- 
KovicH, U.S.S.R. 


A study of the solubility in high-pressure steam of 
compounds whose own saturated vapour pressure 


is insignificant at the temperatures of the experiment 
is of great interest both from a scientific and a 
practical standpoint. 

The solubility of a number of compounds in steam 
is of great importance for the genesis of rocks and for 
the work of steam power stations based both on 
organic and on nuclear fuel. However, up to 
recently investigations of solubility were carried out 
by conventional chemical analysis techniques, which 
in many cases, namely, when the solubility was at the 
accuracy limit of the method employed, could not 
ensure reliable qualitative results. 

The use of radio isotopes has been found very 
effective and has made it possible to determine 
accurately very small concentrations of dissolved 
substances (down to 10-° mg/kg). The use of this 
method has permitted several generalizations. 

In the U.S.S.R. a study was made of the distri- 
bution of a number of substances between the water 
and steam phases depending on the pressure and 
concentration. It was established that the ratio of 
the concentrations in the two phases does not depend 
on the concentration of the aqueous solution over a 
wide range of the latter, and it may be assumed that 
Sp 


Sj \ 

where A is a constant for each given substance. 
The distribution coefficient is the largest for weak 
acids (silicic, boric), much smaller for chlorides and 
hydroxides LiCl, NaCl, KCl, CaCl,, NaOH, KOH, 
Ca(OH),, and still smaller for sulphates, silicates, 
carbonates and phosphates. The influence of the 
cation has been less fully investigated: in the case of 
chlorides and hydroxides of univalent metals K 
decreases from Li* to and falling off 
abruptly in passing over to bivalent cations. 

The solubility of a number of substances, namely, 
NaCl, Na,SO,, CaCl,, CaSO,, CaCO,, Ca(OH), in 
the system solid-steam was also investigated at 
sub-critical pressures and in the system solid-H,O 
at supercritical parameters (up to 300 atm and 
650° to 700°C). 

These investigations, together with the results of 
studies carried out in the USA, have made it possible 
to plot State diagrams for a number of systems (e.g. 
H,O—SiO,; H,O—NaCl; H,O—Na,SO,; H,O— 
CaSO,), embracing both the regions of the liquid 
and steam phases at sub-critical pressures, and the 
region of super-critical pressure. In the course of the 
investigations hydrolysis of salts by superheated 
steam was detected at temperatures as low as 550 to 
600°C; in the case of NaCl this process has been 
studied qualitatively. 
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Utilisation de iridium-102 pour la mesure 
des jeux dans les turbines a vapeur. 
j. FAVEREAU et J. LAVERLOCHERE, Compagnie 
Electromécanique, Le Bourget, Seine, France. 


Les turbines a vapeur de grande puissance pré- 
sentent des jeux trés faibles aux extrémités des 
aubages, en particulier dans le corps haute pression et 
haute température. Les risques sont donc importants: 
possibilité de frottement en cas de déformation de 
l’arbre et du cylindre. Les méthodes de contrdéle 
de ces jeux essayées’ jusqu’a maintenant n’ont pas 
vraiment donné satisfaction. Nous avons ainsi été 
amenés a mettre au point une méthode utilisant 
V’Iri® et permettant la mesure du jeu entre les 
ailettes mobiles et le cylindre. 


Celui-ci est percé suivant un axe transversal, 
taugent au cercle décrit par |’extrémité des ailettes. 
On place suivant cet axe, d’un cété la source d’ Iridium, 
ayant une activité de 200-400 mc, et del’autre c6té un 
compteur Geiger qui recoit ainsi le rayonnement 
ayant traversé le jeu. L’appareil de mesure relié a 
ce compteur est un intégrateur électronique per- 
mettant d’effectuer une mesure différentielle, afin 
d’obtenir une sensibilité suffisante malgré la faible 
adsorption du rayonnement par les ailettes lorsque 
le jeu diminue. 


On obtient ainsi une précision de -+-5°, pour des 
variations de jeu de 0-2 mm. Nous appliquons cette 
méthode sur les corps haute pression des turbines a 
vapeur de 125 MW que nous installons dans les 
centrales électriques. Deus dispositifs semblables sont 
montés au milieu de cylindre et un enregistreur sur 
papier permet de connaitre la valeur des jeux 
inférieur et supérieur au cours des périodes de 
démarrage, d’arrét et de variation de charge. 
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Etude de la porosité des revétenents. 
M. Bonnemay, H. Maxram, Royon et 
GRANGE, Laboratoire de Bellevue, CNRS, 
France. 


On étudie une méthode consistant a effectuer le 
revétement sur une matiére radioactive ou activée. 
L’échantillon ainsi constitué est plongé dans une 
solution d’un sel du métal dont est constitué le 
support et on étudie le passage de la radioactivité 
dans cette solution. 

On constate que cette radioactivité n’est décelable 
qu’au bout d’un certain temps T qui ne dépend, 
toutes choses égales par ailleurs, que de |’épaisseur du 


revétement et que l’on a appelé “temps de 
passage’’. 

Ce temps de passage varie avec |’épaisseur suivant 
une loi exponentielle pour les revétements d’épaisseur 
supérieure a quelques yw. Pour les dépdts moins 
épais la loi est un peu différente. 

A épaisseur constante et pour un revétement de 
méme nature, le temps de passage dépend: 

des conditions dans lesquelles la revétement a été 

effectué 

de la nature du support 

de la température 

de la tension interfaciale qui régne au contact 

revétement/solution 

de la con-entration de la solution 

des conditions d’observation de la radioactivité. 
Une interprétation théorique du phénoméne est 
proposée. 

De la forme de la courbe représentant la variation 
de la radioactivité en fonction du temps, il est 
possible de déduire la loi de répartition de la porosité 
a la surface de l’échantillon et la surface des 
porosités. 

Une application de cette méthode a été faite pour 
l’étude des revétements du chrome sur cuivre ainsi 
que pour l’attaque anodique de ce métal en vue 
d’obtenir du chrome poreux. On a pu montrer 
ainsi que l’attaque se produit: 

Dans une couche superficielle dont on peut 
déterminer |’épaisseur 

Par élargissement des fissures déja existantes. 

Ces conclusions se sont trouvées confirmées par des 
observations directes. 

On a également appliqué la méthode a |’étude des 
revétements de cuivre et de nickel. 
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Formation de sulfite, d’acide cystéique et 
de taurine a partir de sulfate par l’oeuf 
embryonné. Francois CHAPEVILLE et 
PreRRE FRoMAGEOT, Service de _ biologie, 
Commissariat 4 l’énergie atomique, France. 


On démontre que la formation de taurine a 
partir de sulfate par l’°embryon de poulet implique la 
réduction du sulfate en sulfite (I), la synthése de 
Vacide cystéique (II) et sa décarboxylation (III). 
La réaction (I) a lieu dans le sac vitellin. La réaction 
(II) résulte de la condensation du sulfite avec l’acide 
a-amino-acrylique et est réalisée par le jaune. Les 
enzymes assurant la décarboxylation (III) sont 
répartis aussi bien dans l’embryon que dans ses 
annexes. 
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Radioactive Isotopes in the Study of 
Synthesis Processes in Yeast Organisms. 
R. D. Gattsova and N. A. PoMosHNiKova, 
U.S.S.R. 


The study of regularities in the biosynthesis of 
protein and the influence on it of vitamins, amino 
acids and other organic compounds is simplified by 
the use of radioactive isotopes, the latter being parti- 
cularly advantageous in biochemical and selection 
investigations. 

In our work, labelled compounds were used 
in conjunction with chromatographic methods of 
separating substances. In addition, special micro- 
biological isotope techniques were worked out to 
speed up a determination of vitamins in the medium. 

A quantitative determination by these methods of 
pantothenic acid and pyridoxine is accomplished in 
accordance with the speed with which P* enters the 
indicator cultures and takes 4-6 hr, whereas the 
ordinary microbiological methods require from 
40-48 hr. 

For pantothenic acid the method gives reproducible 
results in the case of a vitamin content of from 0-001 to 
0-01 « per ml of medium; in the determination of 
pyridoxine, from 0-001 to 0-03 w of vitamin per ml 
of medium. 

Our investigations conducted with the afore- 
mentioned methods showed that vitamins and amino 
acids produce an essential influence on the biosynthesis 
of sulphur-containing amino acids and their inclusion 
in the protein. 

If pyridoxine is added to a culture medium which 
contains a labelled sulphate, the radioactivity is 
raised by 25 per cent; addition of thiamine or 
inosite raises absorption of the sulphate 15 per cent; 
biotin and nicotinic acid do not produce any influence 
on the inclusion of sulphur; pantothenic acid 
reduces the rate of absorption of S®, 

If pyridoxine, biotin and thiamine are added to 
the medium simultaneously, the radioactivity of the 
yeast protein rises 35 per cent. 

When asparagine or asparaginic acid is added to 
the culture medium with S*, the radioactivity of the 
protein increases 25 per cent; glutamic acid does not 
produce any influence on the rate of absorption of a 
sulphate; alanine raises the rate of absorption by 
15 per cent. 

The use of radioactive isotopes made it possible to 
establish the influence of vitamins and amino acids 
on the synthesis of protein not only in the case of 
auxoheterotrophic but in auxoautotrophic micro- 
organisms as well. 
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Sulphur Metabolism in Fungi. June E. 
Rosson, Isotope Division, A.E.R.E. Harwell, 
U.K. 


Summary. Rhythmic rises and falls in the sulphur 
content of growing cells of Eremothecium Ashbyii, 
Aspergillus niger and Candida albicans have been 
demonstrated in a synthetic medium containing 
S*5_labelled sodium sulphate as the sole source of 
sulphur. In E. Ashbyii, S®* concentrates initially in 
the cell wall and then in the protoplasm until the 
sulphur distribution is equal. Growth then begins 
and the amount of sulphur in the hyphae drops 
rapidly. When growth has ceased a small quantity of 
sulphur remains in the cell wall. 

Changes in the S** content are complemented by 
similar changes in the medium. Sulphate is meta- 
bolized extracellularly into at least five different 
compounds some of which disappear before growth 
begins; others appear when growth is taking place. 

Amino acids, sulphur-containing amino acids and 
inorganic forms of sulphur modify the pattern of 
sulphate metabolism. Methionine and thiosulphate 
sulphur are metabolised in preference to sulphate 
sulphur. 

A sulphur-containing cell-wall protein is involved 
in the cell division of mycelial yeasts. Division is 
accompanied by reduction of disulphide bonds in the 
compound. The rise and fall of the sulphur content 
of the fungus cells may be explained by the initial 
concentration of this substance in the cell wall prior 
to cell division and its subsequent reduction to a 
freely diffusable compound which is lost from the cell 
when growth begins. 
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The Relationship of Bivalent Cation Up- 
take to Potassium and Phosphate Up- 
take in Yeast. A. Rorusrein and A. Hayes, 
Division of Pharmacology, Department of 
Radiation Biology, University of Rochester 
School of Medicine and Dentistry, Rochester, 
New York, U.S.A. 

Studies with Ca‘, Sr9°, Mn*4 and P®? indicate that 
bivalent cations, although they are reversibly bound 
by the surface of the cell (Rorusrern and Hayes, 
Arch. Biochem. 63, 87, 1956) are not absorbed into 
the cytoplasm unless there is a concomitant uptake of 
phosphate, associated with the metabolism of sugars. 
In contrast to the surface binding of cations which is 
relatively non-specific, the uptake with phosphate 
is highly specific for Mg++ and Mnt*. However, 
other bivalent cations although only absorbed slowly 
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can competitively inhibit the uptake of Mg** and 
Mn**. Studies with Mn*! reveal that once absorbed, 
the Mn*~ is no longer exchangeable. The rate of 
uptake follows a saturation type of kinetics, the 
maximal rate being conditioned by the amount of 
phosphate absorbed. All conditions which influence 
phosphate uptake, also influence the cation uptake. 
Inhibition of both uptakes is produced by dinitro- 
phenol, azide or arsenate. Marked stimulation is 
produced by potassium. When K*, Mn*~* phosphate 
and glucose are added simultaneously, the sequence 
of uptakes is K*, POy, and Mn**. The system 
behaves as though a carrier for Mn** is synthesized 
during phosphate uptake, with the synthesis stimu- 
lated by potassium. 
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Participation of Coenzyme A Derivatives 
in the Phosphorus Metabolism in the 
Liver of Animals. A. B. KoTELNnikova, 
U.S.S.R. 

When radiophosphorus was introduced into rats a 
substance possessing considerable radioactivity and 
absorbing ultra-violet rays, was found in a fraction of 
insoluble-Ba salts from the liver with the aid of 
chromatography on paper This substance was not 
identical to ATP, ADP or AMP. 

Examination of the spot eluates of this substance in 
ultra-violet rays has shown that the absorption 
curve is characteristic for an adenine or uridine 
compound. Reaction with bromine water, which is 
specific for uridine derivatives, proved to be negative, 
therefore the compounds belong rather to adeninenuc- 
leotides. 

Hydrolysis of the eluates from the spots of the 
unknown compound confirmed the presence therein 
of adenine and absence of uracyl. 

The compound studied gives a positive reaction for 
S—S groups in the nitroprusside test in the presence 
of KCN but does not contain SH groups. On this 
basis the compound presumably belongs to coenzyme 
A derivatives. 

This assumption was confirmed in the experiments 
with enzymatic acetylation of aminoazobenzene: 
the eluates of the spots of S—S compound had 
coenzyme A activity. 

Determination of specific activity in the ATP, 
ADP, AMP spots and of the S—S compound from 
purified fractions of Ba-insoluble salts from the liver 
of rats, obtained in short intervals of time after 
radiophosphorus was introduced (15-30 min) has 
shown that the S—S compound has a high specific 
activity which is only a little weaker than that of ATP 
and ADP;; this indicates its active role in the transfer 
of phosphorus remainders in the liver. The role 
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of coenzyme A as a carrier of phosphates is unknown 
and cannot be explained by a_ corresponding 
LrpMANN-BeERG scheme of the mechanism of acyl- 
coenzyme A formation. 

Following Frrer’s data, we presumed that the 
radioactive of coenzyme A found in the liver may be 
phosphoryl-coenzyme A which is an intermediate 
product in the formation of acetyl-coenzyme A in 
brain. However, our preliminary data have demons- 
trated that this substance is not phosphoryl-coenzyme 
A, 

The task of the further investigation is to establish 
the structure of the S—S compound and its role in the 
metabolism of the liver. 
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L’existence de deux formes de phosphate 
dans le plasma. (A) Etude radiochimique. 
J. Govaerts. (B) Etude radiochromato- 
graphique. J. Govaerts et R. MAcHIROUX, 
Belgique. 

(A) A la suite d’une injection de phosphate 
marqué chez la chien, on constate que I’activité 
spécifique du phosphore urinaire est nettement 
supérieure a celle du phosphore plasmatique. Le 
rein fait donc une distinction entre le phosphore 
introduit et le phosphore déja présent dans le 
plasma au moment de l’injection. I] faut en conclure 
qu’une grande partie du phosphore acido-soluble du 
plasma n’est pas aussi excrétable que le phosphate 
sodique injecté; l’ion phosphorique préexistant est 
donc différent de la forme minérale pure injectée. 
Il est possible aussi de suivre l’ion phosphorique 
marqué in vivo en administrant per os, chez le chien, 
une solution de phosphate radioactif. Les deus 
formes de phosphore du plasma étant marquées, 
il n’y a plus de différence entre les activités spécifiques 
des urines et du plasma. Des essais sont en cours afin 
de pouvoir doser exclusivement le phosphore 
minéral sans entrainer la seconde forme labile de 
phosphate dosée comme orthophosphate pur par les 
méthodes classiques de dosage des phosphates. 

(B) Les résultats obtenus par l’un de nous, (J. G.) 
montrant |’existence dans le plasma de deux formes 
de phosphate nous ont conduits a utiliser la méthode 
chromatographique afin de pouvoir préciser la nature 
chimique de la forme dite non minérale et dont 
l’existence a été démontrée par des études de I’excré- 
tion urinaire des ions phosphate marqués injectés par 
voie intraveineuse. La méthode chromatographique 
semble pouvoir permettre de poursuivre avec succés 
Videntification de la seconde forme de phosphate 
dans ie plasma. 
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La redistribution tardive du radiocalcium 
dans le squelette. P. Lacrorx, Professeur 
a Université de Louvain, et R. Pontort, 
Chercheur agréé de |’Institut interuniversi- 
taire des sciences nucléaires, Belgique. 


Immédiatement aprés administration de _ radio- 
calcium a un animal, l’activité spécifique du tissu 
osseux est toujours deux ou trois fois plus élevée 
dans les deux extrémités d’un os long que dans sa 
partie moyenne. Pour certains auteurs, cette 
différence subsiste indéfiniment, pour d’autres, elle 
s’atténue et méme s’inverse. 

L’explication de ces divergences ne pouvait étre 
fournie que par une étude autoradiographique 
observant, a l’échelle histologique, la destinée de 
l’élément radioactif. Ce sont les résultats de cette 
étude que nous désirons présenter. 

Des autoradiographies d’os longs en croissance 
montrent que la radioactivité appartient principale- 
ment au tissu Osseux qui se constitue au moment de 
Vinjection du radiocalcium. La croissance améne 
naturellement un déplacement relatif des zones 
radioactives. Mais, en outre, ces derniéres se 
résorbent progressivement et une partie du radio- 
calcium libéré se fixe sur l’os qui se forme entre-temps. 
Il en résulte une redistribution de |’élément marqué 
que nos clichés permettent de décrire avec précision. 

Le phénoméne de redistribution lié a la croissance 
parait se continuer dans |’age adulte ou il se trouve 
déterminé par le remaniement haversien. 

Nos données autoradiographiques permettent de 
dégager le véritable sens des informations quantitatives 
recueillies jusqu’a présent. 

Elles apportent sur la croissance normale certains 
renseignements qu’on n’aurait guére pu se procurer 
autrement. 

Elles autorisent, grace a la photométrie, une 
évaluation quantitative de la radioactivité a |’échelle 
histologique. 

Mais leur intérét principal résidue dans une 
appréciation plus concréte du danger des produits de 
fission en fonction de l’Age. Nous montrons, en 
effet, que si le squelette jeune fixe proportionnelle- 
ment plus de radiocalcium (ou de radiostrontium) 
que le squelette adulte, en revanche, il le garde moins 
longtemps parce qu’il le redistribue plus rapidement. 
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Influence du disulfiram (antabus) sur le 
métabolisme de Il’alcool éthylique (C1) 
chez la souris. H. Casrer et H. Potert, 
Institut J. F. Heymans de pharmacologie et 
de thérapie Université de Gand, Belgique. 


La théorie admise jusqu’a présent de l’action du 


disulfiram sur le métabolisme de l’alcool est celle de 
HALp, JACOBSEN et LARSEN. Ces auteurs ont trouvé 
que le métabolisme de l’alcool s’arrétait partiellement 
au stade d’acétaldéhyde aprés administration de 
disulfiram, d’ot diminution de la formation d’anhy- 
dride carbonique et accumulation d’acétaldéhyde. 
L’acétaldéhyde formé et accumulé provoquerait des 
symptoémes désagréables chez les personnes sous 
l’influence de la boisson. Nous avons également pu 
constater une diminution d’anhydride carbonique 
aprés administration de disulfiram et d’alcool, chez 
la souris. Pour une forte dose de disulfiram la 
diminution pouvait atteindre 88,2°,. Les méta- 
bolites de l’alcool fixés par l’organisme accusaient 
également une diminution de 69,7°. D’autre part, 
nous avons trouvé une augmentation de 171,4°, de 
substances réductrices aprés distillation. Cette 
augmentation confirmait les données de HAatp, 
JACOBSEN et Larsen. Toutefois, nous avons séparé 
l’acétaldéhyde de l’alcool dans le distillat grace au 
2,4 dinitrophényl-hydrazine qui fixe sélectivement 
l’acétaldéhyde. Nous n’avons pratiquement pas 
retrouvé d’acétaldéhyde méme en variant les doses et 
le temps d’administration de disulfiram et d’alcool. 

L’augmentation de la teneur en_ substances 
réductrices volatiles n’est donc pas due a une accumu- 
lation d’acétaldéhyde mais bien a une accumulation 
d’alcool éthylique non bruilé. Le disulfiram empéche 
donc la combustion d’une partie de l’alcool administré. 

Les symptémes désagréables provoqués aprés 
administration de disulfiram et d’alcool ne _ pro- 
viennent pas de la formation et de l’accumulation de 
l’acétaldéhyde mais sont plus que probablement dus 
a leffet synergique de deux substances (alcool + 
produits de métabolisme du disulfiram) qui par leur 
association augmente leur toxicité relative. 

D’autre part, aprés injection d’acétaldéhyde 
radioactif a des souris traitées au préalable avec du 
disulfiram, nous n’avons pas pu constater non plus 
d’accumulation de l’acétaldéhyde injecté mais bien 
une augmentation des substances réductrices volatiles. 
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Synthesis of Aspartic Acid by Lacto- 
bacillus Arabinosus. J. C. MacDona_p, 
McMaster University, Hamilton, Canada. 


The synthesis of aspartic acid by the micro- 
organism Lactobacillus arabinosis is of special interest 
because of the involvement of the vitamin biotin in 
this synthesis. Radioisotope experiments were used 
to obtain information on the pathway of synthesis. 
The organism was made to synthesize aspartic acid by 
growing it on media free of this compound, and the 
source of carbon for the synthesis investigated by 
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adding various C-labelled compounds to the media. 
Aspartic acid was isolated from the cell hydrolysate 
and degraded to give the isotope distribution in the 
compound. The f-carboxyl of aspartic acid was 
derived from carbon dioxide-C™ and no activity was 
found in the a-carboxyl. In experiments where 
glucose-6-C™ or glucose-2-C™ were used, it was found 
that approximately half of the S-atoms of aspartic acid 
were derived from C® of glucose and half the «-atoms 
from C? of glucose. The results indicate that aspartic 
acid is formed by the carboxylation of two non- 
symmetrical three-carbon fragments derived from 
glucose. The isotope distribution data for the syn- 
thesized aspartic acid molecule eliminate the possi- 
bility that a symmetrical compound such as fumarate 
is an intermediate in the synthesis. 


85 


Urea Formation from One-Carbon Frag- 
ments. Joun H. Rust and Sven ULLBERG, 
Medical Division, Oak Ridge Institute of 
Nuclear Studies, Oak Ridge, Tennessee, 
U.S.A. 


A study made by investigators administering a 
C14-labelled metabolite continuously was interpreted 
as evidence that the urea carbon was derived from the 
plasma carbon dioxide pool. Later work using a 
single administration of several metabolites clearly 
indicated that this concept was not tenable. It was 
suggested that two carbon pools existed, one the 
plasma carbon dioxide pool and the other a liver cell 
carbon pool, both of which contributed to urea 
formation. The last was by far the greatest in its 
contribution. The evidence was based upon the 
relationship of the specific activities (DPM/ml of 
carbon) of the voided urea and the expired CQg. 
Glucose and pyruvate carbon was much more 
actively contributed to urea than was the carbon 
from bicarbonate. It was in fact 8-16 times greater. 

Similar studies have now been conducted with 
carboxy! labelled acetate, f-labelled acetate, formate 
and bicarbonate. It was found that bicarbonate and 
the f-label of acetate contributed about half as well as 
the carboxy] label of acetate and formate to the urea 
carbon. It is believed that there must be a more 
potent contributor to the urea carbon than the 
metabolites tested. The suggested concept of two 
carbon pools for urea synthesis is still valid. 
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Influence of Adrenaline on Fixation of 
Carbon Dioxide in a Normal and Dia- 
betic Animal. B. N. STEPANENKo, U.S.S.R. 
With the aid of D,O and then NaHCO, it was 

shown that certain doses of adrenaline stimulate the 


synthesis of glycogen from molecules possessing 
carbon chains shorter than glucose in hungry 
animals and that this synthesis is accompanied by 
considerable inclusion of 

When increasing doses of glucose are introduced 
simultaneously with NaHC™O, and also when 
NaHC¥O,, adrenaline and increasing glucose dose 
are introduced, in both cases in the course of a 
steady increase in the glycogen yield, the radio- 
biochemical yield attains its maximum and then 
considerably decreases. 

In the experiments with the introduction of 
adrenaline and glucose the maximum radio-bio- 
chemical yield considerably exceeds the maximum 
yields obtained in the experiments with any quantities 
of glucose (without adrenaline). This shows that 
stimulation of carbon dioxide fixation by adrenaline 
cannot be ascribed only to hyperglychemical effect. 

Secretion of adrenaline when a starving animal is in 
the state of excitement provoking the stimulation of 
synthesis of carbon chain of glucose residues, when 
the concentration of carbohydrate in the organism is 
low, may play the role of a protecting mechanism 
which provides the creation of the necessary carbohy- 
drate energy resources from non-carbohydrate. 

Determination of the position of radioactive atoms 
in the glucose obtained after introduction of adrenaline 
and glucose carried out according to the methods of 
Topper, Hustincs and KosHLAND and WESTHEIMEHR 
has shown that the label is in the positions 3 and 4. 

The data obtained made it possible to develop an 
improved method of biosynthesis of 3-4-C™ glycogen 
and crystalline 3-4-C™ glucose with the aid of an 
animal organism which allows to obtain a higher 
radio-biochemical yield. 

Introduction of adrenaline resulting in stimulation 
of the synthesis of the carbon chain (with inclusion of 
C1!) of the glucose residues in the liver of normal 
starving animals does not affect or affects slightly in 
this respect diabetic animals; this is a new charac- 
teristic of diabetes as a pathological state. 
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Intracellular Distribution of Glyceride 
Synthesizing Systems. B. SHapiro and 
Y. Sremn, Department of Biochemistry, 
Hebrew University and Hadassah Medical 
School, Jerusalem, Israel. 


Triglyceride synthesis from 1-C!*-palmitic acid 
was shown in previous experiments to be carried out 
by two different enzyme systems obtained from rat 
liver. System 1 was present entirely in the microsome 
fraction and required the addition of ATP, coenzyme 
A and «-glycerophosphate. System 2 resided mainly 
in the mitochondria, but required a thermostable 
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factor present in the supernatant and a small amount 
of microsomes. 

It seemed desirable to measure the extent of 
participation of these systems in the overall glyceride 
synthesis in the liver. For this purpose two sets of 
experiments were set up: (1) Whole rat liver 
homogenates were incubated with 1-C!4-palmitate in 
the presence of ATP (2) 1-C'4-palmitate was 
injected in the anaesthetized animal into a mesen- 
teric vein and the livers were removed after various 
intervals and homogenized. 

The homogenates of both sets were fractionated and 
the mitochondria, microsomes and free fat were 
analysed for radioactive triglycerides. 

In set 1, homogenates incubated for 30 min were 
found to contain most of the radioactive glycerides in 
the microsome fraction and also considerable 
activity in the mitochondria. Only negligible 
activity was found in the free fat. The same 
partition was found in set 2, with livers of animals 
which were tested 15 min after the injection. When 
longer time intervals were tested it was found that the 
activity dropped rapidly in the particles and rose in 
the free fat, equilibrating after 2-3 hr. Inspection of 
the decay curves leads to the conclusion that the 
glyceride synthesis in microsomes and mitochondria 
occurs concurrently and that the turnover of gly- 
cerides at these synthetic sites is much more rapid 
than the overall turnover in the liver, estimated by 
conventional methods. 

88 
Utilisation de _  Jl’acétate de sodium 

(C4#0,CO,Na) et du glucose marqués 

(C¥H,,0O,) pour l'étude des myco- 

bactéries et des vaccins BCG. Dr. J. F. 

PasguiER, Centre international de l’enfance, 

Chateau de Longchamp, Paris. 


Nous avons mesuré la fixation du C™ par des 
bacilles tuberculeux virulents et par différentes 
souches de vaccins BCG poussant: (1) sur milieu de 
Dubos liquide contenant de l’acétate de sodium 
marqué au C4 sur le groupement méthyle; (2) sur du 
milieu contenant du glucose globalement marqué 
au Cl, 

Nous avons établi les courbes de fixation du Cl4 
par les bacilles en fonction de l’age de la culture et de 
la quantité de bacilles ensemencés. Nous avons 
estimé quantitativement la vitesse et le taux de 
fixation de C4, pour différentes souches de vaccins 
secs préparés a partir de cultures de bacilles de BCG 
de diverses origines. 

Nous avons comparé les courbes de fixation du Cl# 
et les courbes de croissance des bacilles établies par 
densité optique. Nous avons mis en évidence: (1) des 
différences d’ordre quantitatif dans les prises de Cl4 
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qui sont proportionnelles au nombre d’unités 
vivantes; (2) des différences dans la phase de latence, 
dans la partie ascendante et dans le sommet de la 
courbe de prise de Cl des différents vaccins étudiés. 
Ces différences dépendent de |’age de la culture, du 
mode de préparation des vaccins, des variations dans 
les souches de vaccins BCG. 

Parallélement a la fixation du C™ par les bacilles 
nous avons mesuré la diminution de la radioactivité 
du milieu et la quantité de C™ passée sous forme de 
gaz carbonique marqué. La comparison des courbes 
de fixation de l’acétate et du glucose marqués nous a 
montré que les bacilles des vaccins BCG fixaient 
mieux et plus rapidement Il’acétate que le glucose. 
Par ailleurs, les bacilles tuberculeux humains 
virulents fixent plus de glucose que les bacilles des 
vaccins BCG. 

La méthode utilisant le carbone marqué constitue 
un bon test d’activité métabolique des mycobactéries 
et permet une étude comparative des vaccins BCG de 
diverses origines. 


89 


Métabolisme des protéines musculaires. 
Jean-CLaupve Dreyrus, JAcgues Krun, et 
GeEorRGES ScCHAPIRA, Laboratoire de _ re- 
cherches de biochimie médicale, H6épital des 
Enfants malades, Paris. 


Le métabolisme des protéines musculaires a été 
étudié a l’aide de glycocolle C™ chez des rats. Ona 
mesuré la radioactivité des protéines hydrosolubles 
totales, myosine, aldolase et glycocolle libre du 
muscle et du foie. 

Avec un régime contenant 24°% de protéines on 
obtient les résultats suivants: 

la radioactivité de l’aldolase et des protéines 

hydrosolubles décroit rapidement. La demi-vie 
de l’aldolase est voisine de 15 jours; 

la myosine présente une radioactivité en plateau, 

puis une chute vers le 40e jour. 

Avec un régime a 45° de protéines, la radio- 
activité de la myosine décroit progressivement. Les 
radioactivités de la globine et de la mysoine varient 
parallélement. ; 

Avec les deux régimes, des constatations communes 
sont faites: 


l’activité spécifique de glycocolle libre du muscle et 
du foie divergent, celle du muscle restant 
élevée alors que celle du foie décroit; il n’y a 
donc pas de fonds commun métabolique des 
acides aminés; 

le rapport des radioactivités 


aldolase _ protéines hydrosolubles 


myosine myosine 


décroit du 1* au 35* jour puis remonte. 


214 International Conference on Radioisotopes in Scientific Research 


L’ensemble des résultats conduit a la conclusion 

suivante: 

avec un régime standard, il n’existe pas de 
renouvellement interne apparent de la myo- 
sine; celui-ci, mis en évidence par le régime 
riche en protéines, était vraisemblablement 
masqué par la réutilisation. Le méme phénoméne 
pourrait étre en cause pour |’hémoglobine; 

a un “‘turnover’’ moléculaire se superpose probable- 
ment un renouvellement cellulaire. Nos expér- 
iences permettent de fixer la durée de vie de la 
myofibrille a environ 35 jours. 
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Etude a l’aide des isotopes de Il’hypo- 
protéinémie humaine et expérimentale. 
A. Dusert, J. Coursacet, et P. Royer, 
Service de biologie, Commissariat a l’énergie 
atomique, France. 

Les hypoprotéinémies humaine et expérimentale 
ont été explorées a l’aide des indicateurs nucléaires. 
Une étude comparative du devenir des protéines 
sériques marquées par voie endogéne, aprés admini- 
stration de glycine N® et de l’albumine sérique 
marquée par voie exogéne a l’iode-131 a été réalisée. 
On a déterminé la période biologique de la sérum- 
albumine et des globulines sériques ainsi que la 
grandeur des “‘pools”’ vasculaire et extravasculaire de 
la sérumalbumine. 

Il a été ainsi possible d’évaluer la vitesse de 
renouvellement des protéines plasmatiques. La 
confrontation des résultats tirés de l’observation 
clinique et de Il’expérimentation conduit a une 
discussion sur le mécanisme pathogénique de 
V’hypoprotéinémie. 
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The Study of Microsomal Protein Frac- 
tions by Means of Radioactive Amino 
Acids. P. Coun and J. A. V. BuTLEr, 
Pollards Wood Research Station, Chalfont 
St. Giles, Bucks, U.K. 


Proteins of the microsome fraction are known to 
incorporate labelled amino acids more readily than 
those of other cell fractions. It would, therefore, be 
desirable to examine the nature of the proteins into 
which incorporation occurs. For this purpose 
microsomes have been treated as a first step with a 
non-ionic detergent, Lubrol W, which solubilizes 
about 60 per cent of the phospholipid component 
and one half of the proteins. Within a few minutes 
after the adminstration of phenylalanine [3-C1*] to a 
rat these solubilized proteins had a higher specific 


radioactivity than the proteins of the residual micro- 
somes. Further fractionations of both portions of the 
microsomes have been performed. Thus, magnesium 
sulphate precipitates proteins of relatively low specific 
radioactivity in the Lubrol supernatant liquid. 
Sodium deoxycholate and some other surface-active 
agents solubilize many of the proteins of the residual 
microsomes leaving nucleoproteins which become 
rapidly labelled. Changes with time in the specific 
radioactivities of microsomal protein complexes will 
be reported in an attempt to relate them to possible 
steps in the process of incorporation of amino acids 
into and formation of proteins. 
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Effet de l’induction d’enzymes sur l’in- 
corporation de purines marquées dans 
l’acide nucléique de la levure. H. 
CHANTRENNE, S. DeEvREux, et J. GOBERT, 
Laboratoire de chimie biologique, Faculté 
des sciences, Université de Bruxelles, Belgique. 


La formation induite de catalase, cytochrome-c et 
cytochrome-peroxydase chez la levure ‘“‘petites 
colonies,” s’accompagne d’une accélération de 
l’incorporation d’adénine ou d’hypoxanthine radio- 
actives dans les acides nucléiques. 

Diverses fractions d’acide nucléique subissent cet 
effet a des degrés divers. 

L’induction de maltase par le maltose produit une 
inhibition trés marquée mais passagére de |’incorpora- 
tion d’adénine dans I’acide nucléique, bientdt suivie 
d’une synthése accélérée d’ARN. 

L’effet primaire de l’inducteur semble étre, dans les 
deux cas, une dépolymérisation ou une modification 
de certains acides nucléiques qui deviennent particu- 
liérement sensibles aux rayons ultra-violets et liables 
en milieu acide. 
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Tracer Studies on the Biochemical and 
Morphological Significance of Sub- 
cellular Structures Derived from 
Bacillus Megaterium. A. R. CRATHORN 
and G. D. Hunter, Chester Beatty Research 
Institute, Institute of Cancer Research, 
Fulham Road, London, S.W.3, U.K. 


The recent discovery (WEIBULL, 1953) that the 
controlled enzymic digestion of the cell walls of 
lysozyme-sensitive bacteria can lead to the formation 
of stable protoplasts has evoked widespread interest. 
It has been shown that the protoplasts retain most of 
the specific functions of the intact cell, and the cell 
wall appears to function primarily as a protective 
sheath around the cytoplasmic membrane. 
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Studies have been made of the incorporation of C!4- 
amino acids into various fractions of the bacterium 
B. megaterium. The further degradation of the proto- 
plasts has been performed by digestion with lipase 
(SPIEGELMAN, private communication) or by osmotic 
shock. In this way a particulate DNA-rich fraction 
(“‘nucleoids’’) can be separated from the soluble cell 
constituents. It has been found that, when cells are 
grown in the presence of a labelled amino acid, 
radioactivity is found to be incorporated first into the 
proteins of the ‘‘nucleoid”’ fraction but subsequently 
the proteins of the supernatent fraction attain a 
higher specific activity. These results, and their 
bearing on our knowledge of the course of protein 
synthesis in bacteria, will be discussed in detail. 

The DNA of the “nucleoids”? appears to be con- 
centrated in small spherical bodies which are not 
always apparent until after disruption of the proto- 
plasts has been carried out. Although their morpho- 
logical form in the intact cell may differ from that 
finally observed, our observations on the differential 
turnover of the protein fractions lead to the con- 
clusion that the ‘‘nucleoids’’ are representative of 
structures present in the original cell. 
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La pénétration de la ribonucléase dans les 
cellules vivantes. J. Bracnet, M. Briers, 
L. Lrepoux, A. Pmeri, V. ScHUMAKER, 
Y. Tuomas, et F. VANDERHAEGHE, Labora- 
toire de morphologie animale, Université 
libre de Bruxelles, Belgique. 


Des amibes, des cellules du carcinome d’Ehrlich et 
des cellules de la moelle osseuse ont été traitées 
in vitro par de la ribonucléase (RNase) cristallisée. 

Des déterminations d’activité enzymatique et des 
mesures de la radioactivité des cellules soumises a 
l’action de la RNase marquée a 1’I!*! ont permis de 
démontrer que cet enzyme (PM = 13.000) pénétre 
rapidement dans les cellules étudiées. 

En 5-10 min., la teneur en RNase des cellules de la 
moelle osseuse double, celle des amibes augmente 3—4 
fois et celle des cellules d’Ehrlich augmente 20-100 
fois. Dans tous les cas étudiés, la pénétration de la 
RNase est relativement peu affectée par la tem- 
pérature (4° ou 25°); elle dépend directement de la 
concentration de l’enzyme dans le milieu extra- 
cellulaire. 

Le lavage prolongé d’amibes traitées par la 
RNase-I'8! ne modifie que lentement la teneur en 
enzyme des cellules (50°, de la RNase sont extraits en 
trois heures). Dans les amibes également, |’auto- 
radiographie montre qu’une grande partie de la 
RNase marquée se fixe sure la périphérie des cellules. 
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Il semble exister une relation entre la variation 
relative de la teneur en RNase des cellules étudiées et 
les modifications métaboliques provoquées par 
enzyme (BRACHET; LEpoux; LEepoux et 
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A Comparison of the Fat Balance Method 
of Assessing Dietary Fat Absorption 
with Methods Using I'*! and C™ Labelled 
Fat. A. G. Frazer, R. F. FLercuer, 
W. F. R. Pover, and H. G. Sammons, 
Department of Medical Biochemistry and 
Pharmacology, University of Birmingham, 
and Metabolic Unit, Little Bromwich Hos- 
pital, Birmingham, U.K. 

The method of fat balance, in which the weight of 
fat taken in the diet is compared with that excreted 
over long periods, has been used clinically to assess fat 
absorption in human subjects. This is open to 
objection on many grounds. The fat recovered may 
not be of dietary origin and as the daily fluctuations 
are large, averaging procedures have to be used 
which make short-term studies inaccurate. 

In order to overcome these difficulties I4*1 labelled 
fat was used in a series of experiments. The intake 
and excretion in both urine and faeces were measured 
by counting methods. The results were at variance 
with those obtained by the fat balance method. This 
was first thought to be due to the instability of the 
iodine label, although in vitro and in vivo tests showed 
it to be stable to the necessary absorption steps. 

Cl labelled fat was then used and the results 
confirmed those obtained with I?*! labelled fat. 

Studies in animals using both labels together show 
that the fat with either label is absorbed normally. 
The metabolism after absorption differs and the 
iodine in the fat appears to be more rapidly catabolized 
than the C™ labelled carbon skeleton; the iodides 
are excreted in the urine. 

Balances of the iodine level show that a fraction 
of the iodine is retained for a long period; this is 
thought to be due to storage in fat depots. 

The significance of the discrepancy between the fat 
balance results and those obtained using isotope 
labelled fat will be discussed. 
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Influence de l’adrénaline et du glucagon 
sur la synthese de cholestérol par le 
tissu hépatique “in vitro.” J. BerrHet, 
Laboratoire de chimie physiologique, Uni- 
versité de Louvain, Belgique. 

On a étudié la synthése de cholestérol par des 
coupes de foie de lapin incubées en milieu salin 
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artificiel en présence de glucose ou de fructose uni- 
formément marqués avec du C, ou d’acétate-2-C™. 
Dans certaines expériences on a aussi mesuré la 
synthése d’acides gras et la formation de CO, a 
partir des mémes précurseurs. Le glucagon et 
l’adrénaline ajoutés au milieu d’incubation inhibent 
d’environ 40°% en moyenne la synthése de cholestérol 
a partir des précurseurs utilisés. Une inhibition du 
méme ordre de grandeur s’observe dans la synthése des 
acides gras. On sait aussi par ailleurs que les 
facteurs hormonaux mentionnés stimulent la pro- 
duction de corps acétoniques par le foie. I] est donc 
clair que l’adrénaline et le glucagon ont une action 
importante sur le métabolisme de l’acétate activé ou 
d’un composé métaboliquement voisin. La mesure du 
CO, produit a partir de glucose ou de fructose 
uniformément marqués ne révélent cependant pas 
d’influence prononcée du glucagon. On discutera 
l’interprétation de ces phénoménes et, en particulier, 
la possibilité d’un effet de l’adrénaline et du glucagon 
différent de leurs actions connues sur la phosphorylase 
et la glycogénolyse hépatique. 
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L’espace cholestérol du rat. F. CHEVALLIER, 
Service de Biologie, Commissariat a I’Energie 
atomique, France. 


Les expériences ont consisté a faire ingérer quoti- 
diennement une méme masse de cholestérol radioactif 
a des rats, durant des laps de temps variables. 
L’évolution de la radioactivité spécifique du Cl! du 
cholestérol des organes en fonction du temps, permet 
d’obtenir des renseignements relatifs au transport du 
cholestérol dans l’organisme. 

(1) L’espace cholestérol défini comme I’ensemble 
des molécules susceptibles d’étre transférées des 
organes dans le sérum et vice-versa, représente au plus 
50°, du cholestérol total du rat adulte. 

(2) Le va et vient incessant entre le cholestérol 
tissulaire et le cholestérol sérique renouvelle en 
totalité ou en majeure partie les molécules de 
cholestérol contenues dans les organes suivants: rate, 
coeur, tissu adipeux, surrénales, poumons, moélle 
osseuse, foie, hématies. Pour un deuxiéme groupe 
d’organes: peau, testicules, reins, colon, os, muscles, 
seule une fraction de leur cholestérol est renouvelable 
par ce processus. 

Aucun transfert n’est décevable au niveau du 
cerveau. 

(3) Les vitesses relatives des différents modes 
d’apparition (absorption, synthése) et de disparition 
(excrétion, transformation) du cholestérol de son 
espace sont telles qu’un état stationnaire isotopique 
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s’y établit vers le huitiéme jour, lorsque |’animal 
ingére quotidiennement 5 mg _ de_ cholestérol 
radioactif. 
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Métabolisme de diverses hydantoines sub- 
stituées. Jacques PauL VIGNE et JOSEPH 
Fonparal, Laboratoire des Isotopes, Centre 
de lutte contre le cancer, Marseille, France. 


Les auteurs désirant étudier la différence import- 
ante d’activité thérapeutique de la 5-phényl 5-éthyl 
hydantoine* et de la 3-méthyl 5-phényl 5-éthy] hyd- 
antoinet qui ne différent que d’un méthy! en position 
3, en ont réalisé la synthése radioactive. Ils ont 
d’autre part mis au point des méthodes de détection 
et de chromatographie de partition sur papier de ces 
composés. 

Ils ont ensuite étudié: 


(1°) La répartition de ces médicaments dans 
divers tissus d’animaux ayant recu des doses théra- 
peutiques et n’ont pu mettre en évidence de concen- 
tration au niveau du systéme nerveux central. 


(2°) L’élimination dans les excrétats. IIs ont 


constaté: 

(a) Que la 3-méthyl 5-phényl 5-éthyl hydantoine 
était trés rapidement déméthylée et que l’on 
n’en retrouvait que des traces infimes dans les 
urines du sujet. 

(b) Que l’on trouve d’autre part dans les urines un 
produit de dégradation de la 5-phényl 5-éthyl 
hydantoine a savoir l’acide aminé correspon- 
dant mais que contrairement a l’opinion 
généralement admise le stade intermédiaire de 
l’acide hydantoique ne semble pas exister, ce 
point ayant été précisé en particulier par l’étude 
des DPN dérivés et par diverses tentatives de 
synthése. 


(3°) Le processus de déméthylation signalé plus 
haut et ils ont d’ores et déja constaté que cette 
déméthylation, extrémement rapide et totale dans un 
organisme vivant, ne peut étre reproduite in vitro par 
les moyens classiques d’étude des métabolismes 
(broyats de tissus frais). 

En conclusion, il semble apparaitre que le produit 
actif serait la 5-phény] 5-éthyl hydantoine, mais que la 
diminution de toxicité introduite, comme il est 
classique, par la présence d’un groupement méthyl 
proviendrait de la libération progressive de l’agent 
actif qui s’élimine d’ailleurs rapidement. 


* Nirvanol. 
+ Sédantoinal. 
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Synthése radioactive, détection d’un insec- 
ticide organo-phosphoré: le diéthyl 
thionophosphate de 2-isopropyl 4- 
méthyl 6-oxy pyrimidine.* Application 
a son évaluation dans le lait. Jacques 
VicNE, Ropert L. TasBau, JACQUES 
CHOUTEAU, et JosEPH FonpARAI, Laboratoire 
des Isotopes, Centre de lutte contre le cancer, 
et Laboratoire de Physiologie, Faculté des 
Sciences, Marseilles, France. 


Le diéthylthionophosphate de 2-isopropyl 4-méthyl 
6-oxy pyrimidine est utilisé actuellement d’une fagon 
extensive. Cependant les méthodes de recherche de 
ce composé étant peu sensibles et désirant en doser des 
traces dans des substances alimentaires provenant 
d’animaux nourris avec des végétaux traités par cet 
insecticide, les auteurs décrivent: 

(1°) Une nouvelle méthode de synthése de cette 
série chimique. 

(2°) Une technique de chromatographie de 
partition nouvelle (chromatographie en phase mi- 
inversée), ainsi qu’une série de méthodes sensibles de 
détection colorimétrique de ce composé. 

(3°) L’isolement d’une quantité notable de 
linsecticide chimiquement pur ce qui a permis 
l’étude de son activité anticholinestérasique qui s’est 
révélée considérable. 

(4°) L’application de ces deux techniques au 
dosage dans le lait d’animaux ayant recu des doses 
considérables de cet insecticide. 


* Diazinon. 
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Determination of Uptake and Loss in 
Plants and Animals of 2,4,5,4’-tri- 
chlorodiphenylsulfone, a New Acaricide 
as Measured with the Aid of S®*. J. 
HALBERSTADT, Isotope Laboratory, N.V. 
Philips-Roxane, Amsterdam, Netherlands. 


Apple trees were sprayed with different types 
of preparations of 2,4,5,4’-trichlorodiphenylsulfone 
(named Tedion). The fixation on and the uptake into 
leaves and apples is different for each preparation, but 
after a rather short period the same results are 
obtained. This was also followed with entomo- 
logical methods. 

The loss of surface activity and the typical course of 
the internal activity of the leaves could be followed 
very clearly. To determine if there is a concentration 
of Tedion in organs or tissues of animals a number of 
rats were given small quantities of Tedion with their 
food over a period of 4 weeks. After this period the 
first group of rats was killed and the rest were given 


217 


normal food. The second and other groups were 
killed each after a fixed period. 

Assay of radioactivity was done on different 
organs, tissues, blood, urine, and faeces. 

Uptake was very small and there was a rap:d loss 
of activity. Uptake and loss depended on the 
quantity of Tedion given. 
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Sur une technique de mesure de la migra- 
tion des granules colloidaux radioactifs 
dans le systéme lymphatique, aprés 
injection locale. ANDRE CHEVALLIER et 
Constant Bure, Institut de Physique bio- 
logique, Faculté de Strasbourg, France. 


Le probléme de l’appréciation de l’efficacité d’une 
suspension colloidale radioactive sur les envahisse- 
ments des ganglions lymphatiques par des cellules 
cancéreuses pose la question de la mesure de la 
migration de ces granules dans les voies lymphatiques 
du territoire envahi. 

La méthode doit étre telle qu’elle permette de 
comparer valablement entre elles des préparations 
radioactives différentes. Le résultat pourra permettre 
l’étude des conditions physico-chimiques et bio- 
logiques qui président au phénoméne quantitatif de 
migration et, d’autre part, d’évaluer l’efficacité des 
préparations utilisées. 

Dans ces recherches, l’animal choisi a été le rat et le 
lieu d’injection la face externe de la cuisse au niveau 
du 1/3 moyen. Le produit utilisé était le radio- 
phosphate de chrome (PO,Cr) en_ suspension 
colloidale. Le lieu de migration était le ganglion 
lombaire du méme cété que celui du point d’injection 
et la mesure d’activité était effectuée sur le ganglion 
entier, aprés digestion dans une solution de potasse. 

Les expériences faites sans précautions parti- 
culiéres donnent pour une méme préparation des 
résultats trés discordants, aussi a-t-on essayé de mettre 
au point une méthode standardisée permettant 
d’obtenir des résultats réguliers. 

La méthode élaborée comprend des indications 
précises se rapportant au volume de la solution 
injectée, a son activité spécifique, a la technique méme 
d’injection et au temps au but duquel l’animal est 
sacrifié. 

Les résultats obtenus montrent qu’avec les pré- 
parations utilisées le parallélisme entre la migration 
mesurée au niveau du ganglion et l’activité injectée 
s’établit pour des doses de l’ordre du microcurie. 
Pour des activités mettement supérieures, le 
parallélisme n’existe plus. 

On constate que pour des préparations semblables 
le nombre de granules contenu dans un méme volume 
de suspension est le facteur prédominant. 

La diminution de l’activité spécifique se traduit par 
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une diminution paralléle de la mesure effectuée au 
niveau du ganglion. 

D’autre part, pour méme activité injectée et une 
méme activité spécifique de la préparation, le volume 
sous lequel est effectué l’injection influence l’activité 
mesurée au niveau du ganglion. 

Enfin si les granules de PO,Cr ont été préparés de 
telle sorte que leur charge électrique soit modifiée le 
phénoméne de migration est grandement perturbé. 
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Emploi du radiopotassium pour l’étude 
du fonctionnement rénal. F. Moret et 
M. GuINNEBAULT, Service de Biologie, Com- 
missariat a l’Energie atomique, France. 


Aprés injection intraveineuse au lapin de radio- 
potassium comme indicateur, l’analyse des courbes de 
la radioactivité spécifique de potassium, mesurée en 
fonction du temps dans le plasme artériel, dans le 
plasma veineux efférent du rein, dans l’urine et dans 
diverses régions du rein lui-méme, permet de 
montrer: 

(1) Que la vitesse de renouvellement du potassium 
contenu dans les cellules du cortex (tubes contournés 
proximaux et distaux), apparait trés grande et semble 
limitée par le débit sanguin rénal. 

(2) Que la vitesse de renouvellement du potassium 
contenu dans les régions profondes (anses de Henlé et 
tubes collecteurs) est beaucoup plus faible. 

(3) Que le potassium de l’urine a pour précurseur 
le potassium des cellules des tubes contournés et non 
celui des cellules des anses de Henlé ou des canaux 
collecteurs, ni celui du filtrat glomérulaire. 

(4) Que le potassium filtré au niveau des glomé- 
rules serait entiérement réabsorbé au niveau du tube 
proximal, tandis que la totalité du potassium de 
Yurine résulterait d’un processus d’excrétion par les 
cellules du tube distal. 

L’analyse de ces résultats est compatible avec 
l’hypothése que les mouvements du potassium entre le 
milieu interstitiel et les cellules du tube contourné 
résulteraient de processus entiérement passifs. 
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Isotope Studies on Some Metabolic Pro- 
cesses in the Hypothalamus During 
Hunger and Satiety. Stic Larsson, 
Department of Physiology, Kungl. Veteri- 
narhogskolan, Stockholm 51, Sweden. 


The regulation of food intake is controlled through 
a “‘feeding centre”’ in the hypothalamus. An attempt 
to analyse the biochemical mechanism of this 
regulation was made, applying the tracer technique. 
Groups of hungry rats were administered 200 uc 
Na,HP*O, intraperitoneally at the end of a 24 hour 
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hunger period, together with fed ones. They were 
sacrificed 15-60 minutes later through plunging in 
liquid oxygen. In other sets of experiments the isotope 
was given at the start of the hunger period and the 
animals were sacrificed at the end. Besides the 
“feeding centre,’’ two adjacent parts of the hypo- 
thalamus were prepared from the frozen brain tissue, 
likewise samples of cerebrum, blood, liver and muscles 
were taken for comparison of the gross distribution of 
activity in hungry and fed animals. Ina later study a 
further differentiation of the ‘feeding centre’’ was 
made, e.g. dividing it into two parts, satiety and 
appetite centres. 

It was found that the “feeding centre” during 
hunger had an increasing biochemical activity. It is 
suggested that changes in the concentration of ATP 
and creatine-P constitute the driving force for the 
higher functional activity. It was also shown that an 
increased blood supply to this part of the hypo- 
thalamus occurred. 


104 


Studies on the Mechanism of Retinal 
Photoreception by Use of P®*. Icj1ro 
Honjo, Tomryuxt Hara, Yuzo SEkoGuTI, 
Reiko Hara, Mixkira Kato, and IwAsHrro 
Oxt, Department of Biology, Faculty of 
Science, Osaka University, Osaka, Japan. 


Our tracer studies began with the criticism of the 
prevailing opinion that illumination of the retina 
results in diffusion of phosphoric acid into the 
surrounding medium. 

We measured radioactivity of Ringer solution 
containing the isolated retina from the dark-adapted 
frog 24hr after intraperitoneal injection of P*. 
However we found no increase of P®? by illumination. 
The investigation made on the specific acitivity of 
retinal inorganic phosphorus however revealed no 
positive result. The experiment made with respect to 
the rod outer segments, however, indicated scarcely 
any retention of P? in the visual celis. 

On the other hand, when the isolated retina was 
immersed into P®* Ringer, we found remarkable 
amounts of P®? accumulated in the visual cells. 
Autoradiography revealed the same result, whereas 
P®2 was mainly located in the granular layers after the 
injection method. If the retina is immersed into P%? 
Ringer after pre-illumination, P®? uptake is more 
remarkable, especially in regards to protein-fraction. 
This phenomenon may be concerned with the 
regeneration of rhodopsin. 

Anyhow, we can label the visual cell layer with 
P®2 after the immersion method and thus trace the 
behaviour of phosphorus relating to photoreception 
of the visual cells. Continuous measurements of 


Abstracts of Papers 


radioactivity of the Ringer immersed labelled retina 
revealed an outflux of P®? during illumination, which 
is composed of two processes, namely a rapid process 
and a slow one. We regard the former as denoting 
“discharge” directly connected with visual excitation 
and the latter as being concerned with the enzymatic 
reactions, which follow. 
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Radioactive Isotopes in Studying Histo- 
haematic Barriers in Nervous Diseases 
Clinics. N. I. GrascHenkov, U.S.S.R. 


Permeability has been studied in some diseases of 
the central and the peripheral nervous system: (1) of 
the capillaries in the direction tissue blood; (2) of the 
vascular wall in the direction blood tissues; (3) of the 
haemato-encephalic barrier. Radioactive isotopes (P®” 
and Na**) were used as indicators of permeability. 

Under observation were: (1) Patients with a 
lesion of the diencephalic, chiefly hypothalamic 
region (accompanied by vegetative and vascular 
disorders, neuroendocrinous disorders, diverse neuro- 
dystrophic syndromes, etc.) ; (2) Patients with various 
pathological processes, chiefly manifested by a 
pronounced pain syndrome; (3) Patients with 
cranial and cerebral traumas; (4) Patients with 
brain tumours. 

A study has been made of the typical changes in the 
permeability of the skin capillaries and of the 
vascular wall. 

Certain regularities have been revealed, which 
characterize the state of the haemato-encephalic 
barrier in cases of cranial and cerebral traumas and 
brain tumours. The distribution of P? in the tissues 
of the various parts of the brain and brain tumours has 
been investigated. It has been established that greater 
permeability of the haemato-encephalic barrier is 
accompanied by an accumulation of acetylcholin and 
an increased activity of hyaluronidase in the cerebro- 
spinal fluid. 

Methods have been elaborated of influencing the 
haemato-encephalic barrier, which permit to raise or 
lower its permeability in clinical practice. 
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The Oxidative Phosphorylation in Cere- 
bral Tissue in the Evolution of Verte- 
brates. E. M. Kreps, U.S.S.R. 


The study of turnover rate of high energy 
phosphate bonds in vertebrate brain in vivo (with the 
aid of P32) has allowed to trace the development of 
oxydative phosphorylation in vertebrate evolution. 
In fish brain the ‘“‘turnover rate’’ of ATP-P is very low 
(2-3 moles P per gram per hour) ; it remains rather slow 
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in amphibians (4-0 moles/hr). A marked increase 
(14 moles/hr) takes place in the brain of reptiles, the 
first truly terrestrial vertebrates. The further con- 
siderable increase in the turnover rate of ATP-P in the 
brain of warm-blooded animals (37-56 moles/hr) must 
be attributed mainly to the rise in body temperature. 

In a similar way the aquatic vertebrates differ from 
the terrestrial ones in relation to the respiratory rate 
of the brain. The coefficient of phosphorylation P/O, 
derived from the turnover rate of ATP-P in brain in 
vivo and estimation of brain respiration rate, reveals a 
gradual increase in the phylogenetic order. A 
surprisingly low value of the P/O coefficient in the 
brain of fishes (of the order of 0-1) and amphibians 
(0-25) suggests the idea that in aquatic vertebrates 
there is nearly no association of phosphorylation to 
oxidation in the brain. In terrestrial vertebrates the 
oxidation is coupled with oxidation but in the 
metabolism of intact brain the P/O coefficient is 
always lower than in experiments with isolated 
cerebral tissue. 

The study of the rate of penetration of P®? from the 
blood stream into the brain allows some estimation of 
the development of the blood brain barrier. In 
fishes and amphibians the penetration rate of 
phosphorus is markedly higher as compared to the 
terrestrial vertebrates and many times exceeds the 
rate of phosphate utilization in metabolism of the 
brain. On the contrary, in terrestrial forms there is a 
strict correlation between the rate of phosphorus 
entering from the blood and its utilization in brain 
metabolism. 

The specific radioactivity of inorganic phosphate of 
the brain increases only at the beginning of the experi- 
ment. In 30 min time in cold-blooded animals and in 
10-15 min in warm-blooded ones the specific radio- 
activity attains its maximum value, probably in 
equilibrium with the inorganic phosphate of blood 
plasma. 

These facts suggest that in the mechanism of the 
blood brain barrier activity adsorption phenomena 
must play an important role and that the rate of 
phosphorus penetration through the barrier depends 
on the rate of phosphorylation in the cellular 
elements of the brain. 
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Etude radioactive de _  Jlélectrophoré- 
gramme du sérum de malades traités 
par P. Lamargue, E. Turpaup, et 
J. Mercier, Centre régional anticancéreux, 
Montpellier, France. 

Les auteurs étudient ]’électrophorése radioactive 
sur papier des sérums de malades trait¢s par le 
radioiode 
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Cette analyse radioélectrophorétique quantitative 
fut pratiquée sur le sérum de 80 malades atteints 
d’hyperthyroidies, de goitres simples, ou de cancers 
thyroidiens. Dans la totalité des cas traités on observe 
une double zone radioactive sur les électrophoré- 
grammes: 

(a) une premiére zone radioactive A correspondant 
a la fraction albumine des protéines sériques. 

(b) une deuxiéme zone radioactive « correspondant 
a l’espace compris entre les « et les a, globulines. 

On apprécie de méme la valeur de chaque zone 
radioactive et on détermine le rapport A/x ainsi 
que la somme A + «. 

Pour des doses administrées et comparables 
d’I}81 Jes auteurs observent d’importantes variations 
des deux termes A/x et A + & suivant les différents 
malades. 

(1°) On constate un pourcentage trés élevé de la 
zone radioactive « (rapport A/« trés faible) principale- 
ment dans les hyperthyroidies ainsi que dans quelques 
cas de goitres simples. La somme A + « n’est 
réellement importante que pour les maladies de 
Basedow. 

(2°) Par contre, on note un pourcentage élevé de la 
fraction radioactive A (rapport A/x > 1) dans les 
cancers thyroidiens ou quelques rares cas de Basedow 
sévéres résistant a la thérapeutique au radioiode 
Pour ces mémes malades cette fraction radioactive 
A tend a décroitre réguliérement en fonction du temps 
au profit de la zone radioactive « sur les électrophoré- 
grammes pratiqués au cours des jours suivant la prise 
du radioiode. De plus la somme A + « reste toujours 
faible dans les cancers thyroidiens. 
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Determination of Thyroid Secretion Rate 
in Cattle and Pigs. P. H. Sorensen, 
Royal Veterinary and Agricultural College, 
Copenhagen, Denmark. 


A method for determination of thyroid secretion 
rate in cattle and pigs by means of radioactive iodine 
is presented. 

After injection of radioactive iodine, in vivo deter- 
minations of radioactivity in chyroid gland are made 
during a two weeks experimental period. In the same 
period blood samples are drawn and analysed for 
protein-bound iodine (PBI) and for protein-bound 
radioactive iodine (PBI}*4), 

A rate constant for secretion of thyroid hormone is 
calculated from the disappearance rate of radioactive 
iodine in thyroid gland. The secretion rate of radio- 
active hormone-iodine is calculated by multiplying 
this rate constant by the amount of radioactive iodine 
present in thyroid gland. Assuming that the specific 
radioactivities of the circulating thyroid hormone and 


of the hormone just secreted are identical, thyroid 
secretion rate is calculated by the equation 
secreted hormone-iodine, Y/hour 
secreted hormone-I?*!, per cent dose/hour 
ee PBI, Y/100 ml serum 
PBIJ31, per cent dose/100 ml serum 


Data from such measurements in cattle and pigs 
are presented. In cattle, thyroid secretion rates were 
found to be positively correlated with butterfat 
production. In growing pigs, thyroid secretion rates 
were negatively correlated with daily increases in 
weight. 
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Hétérogénéité fonctionnelle de l’iode thyro- 
iden mise en évidence par des études 
isotopiques. E. TRIANTAPHYLLIDIs, M. 
TuBIANA, et G. AMBROSINO, Institut G. Roussy, 
Villejuif, France. 


Les travaux utilisant l’iode radioactif pour évaluer 
quantitativement l’activité fonctionnelle de la glande 
thyroide postulent implicitement que la vitesse de 
renouvellement de l’iode radioactif est égale a la 
vitesse moyenne de renouvellement de l’iode stable. 
Ceci revient a admettre ’homogénéité fonctionnelle 
de l’iode thyroidien et le mélange immédiat des deux 
isotopes. Cette conception nous a paru discutable et 
les expériences suivantes ont eu pour but de tester sa 
validité. 

Dans une premiére expérience les vitesses de sécré- 
tion des 2 isotopes ont été mesurées séparément. 6 
heures aprés injection d’iode radioactif toute entrée 
ultérieure d’iode dans la thyroide des rats est bloquée 
par des injections biquotidiennes de perchlorate de 
sodium. La moitié des rats sont tués a la 6° heure 
(avant perchlorate); l’autre moitié le 4° jour; entre 
ces deux instants, 55°, de l’iode radioactif et 27° de 
Viode stable quittent la thyroide et les différences des 
vitesses de sortie des deux isotopes sont statistiquement 
significatives. L’activité spécifique de l’iode secrété 
pendant ces quatre jours est 3 a 4 fois plus élevée que 
que celle l’iode resté dans la thyroide. 

Dans une deuxiéme série d’expériences |’iode radio- 
actif est administré de fagon continue pendant 20 
jours, mélangé a l’eau potable, dans le but d’obtenir 
pour l’iode radioactif, un régime fonctionnel se rap- 
prochant de celui de l’iode stable. L’étude de la 
vitesse d’accumulation du radioiode, puis de sa 
vitesse de sécrétion aprés interruption de son admini- 
stration, ainsi que les auto-histo-radiographies mon- 
trent que le fonctionnement thyroidien n’est pas 
uniforme et que la vitesse de renouvellement de l’iode 
thyroidien varie d’une vésicule a |’autre. 
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La signification physiologique de ces constatations 
est discutée ainsi que les principes méthodologiques de 
utilisation de l’iode radioactif comme traceur. 
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The Interpretation of Radiosodium Tissue 
Clearance Measurements as Applied to 
Peripheral Circulation Studies. W. Gem- 
MELL, Plastic Surgery Centre, Odstock Hos- 
pital, Salisbury, Wilts, J. J. HaxHe, Labora- 
toire de Chirurgie Experimentale, Université 
de Louvain, Belgium, and N. VEALL, Guy’s 
Hospital Medical School, London, S.E.1, 
U.K. 


Measurements of the rate of removal of locally 
injected radiosodium have been widely used on an 
empirical basis for studies on the peripheral circula- 
tion. However, results obtained by the sodium 
clearance technique and those obtained by other 
methods for blood flow measurement often show dis- 
crepancies (e.g. WALDER, Radioisotopes Conference 
1954). 

Kety postulated a number of factors which might 
determine the sodium clearance rate; and, of these, 
lymphatic drainage has been shown by Stone and 
MILLER to be negligible. In the present studies it is 
shown (a) by the analysis of arterial dilution curves 
following intravenous Na” that the rate of transcapil- 
lary loss of radiosodium from the plasma is of the same 
order as the cardiac output, (b) it is possible to change 
the area of the capillary endothelium by injecting 
histamine locally without affecting the clearance rate, 
(c) it is also possible to alter the dynamics of transcapil- 
lary fluid exchange by injecting albumin locally 
without changing the clearance rate. These results 
imply that neither the effective area nor the permea- 
bility of the capillary to sodium affect the clearance 
rate. Experiments with hyaluronidase show that the 
diffusion rate of the sodium ion in interstitial fluid is 
not a limiting factor. By a process of elimination it 
follows that the tissue clearance rate is a measure of 
capillary plasma flow as a function of the “sodium 
space”’ of the tissue under study, and that discre- 
pancies between figures for changes in total blood 
flow and changes in sodium clearance must be attri- 
buted to the existence of a-v shunts. However, in 
some types of experiment there is a possibility of error 
if it is assumed that the sodium space is constant 
during the course of a measurement. 

Comparative studies have been carried out using 
or Na®4, and Br®?. While repeated measure- 
ments at the same site give highly reproducible results 
with radiosodium, the results obtained with [)*! and 
Br®? are extremely variable. It would appear that 
the latter isotopes are suitable for single injection 


experiments designed to detect the circulatory re- 
sponse to a particular stimulus, while radiosodium is 
best for long term experiments or other studies where 
the absolute level is of some significance. 
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Some Studies on the Incorporation of Fe*® 
into the Alkali Resistant Fraction of 
Haemoglobin. Mocens Faser, I. FALBE- 
Hansen, N. R. Kerpine, and V. Kornerup, 
Danish Atomic Energy Commission, Copen- 
hagen, Denmark. 


The problem of the mechanism of iron incorpora- 
tion into the haemoglobin of the erythrocytes is a 
problem very well suited for isotope studies at all the 
stages of synthesis. 

In most individuals there is found a small amount 
of alkali resistant haemoglobin claimed to be fetal 
haemoglobin. In large groups of patients with dif- 
ferent types of anaemia the fraction can showa marked 
increase. A study of the iron incorporation into this 
alkali resistant fraction in patients with pernicious 
anaemia revealed a difference in this incorporation 
rate, against the rate of incorporation into the alkali 
denatured fraction. In all cases the alkali resistant 
fraction was the more active, the activity being from 
2 to 6 times as high as was the case of the adult 
haemoglobin. 

The details of the experiments and the implications 
of the finding will be discussed. 
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Hétérogéenéité métabolique de l’hémo- 
globine. GrorGceEs ScHapirA, JACQUES KRuH, 
et JEAN-CLAUDE Dreyrus, Laboratoire de 
Recherches de Biochimie médicale, Ho6pital 
des Enfants malades, Paris, France. 


L’existence de plusieurs hémoglobines dans le sang 
de lapin et d’homme adulte a été démontrée a l’aide 
de précurseurs radioactifs. On injecte du Fe®® a des 
hommes ou des lapins, on saigne aprés quelques jours 
et l’hémoglobine est fractionnée par l’une des méthodes 
suivantes: électrophorése en milieu liquide, dénatura- 
tion alcaline ménagée, chromatographie sur papier, 
chromatographie sur alumine, chromatographie sur 
résine échangeuse d’ion. On obtient deux fractions, 
I et II, d’activité spécifique différente, le rapport I/II 
variant entre 1,15 et 1,5 selon le sujet et la technique. 
Chez des sujets leucémiques, ce rapport est inversé: 
0,40 a 0,80 témoignant d’un trouble de l’héma- 
topoiése. Des résultats analogues ont été obtenus 
aprés injection de glycocolle C™ a des lapins. 

Lorsque l’on incube du sang d’>homme ou de lapin 
riche en réticulocytes avec du Fe®®, celui-ci s’incorpore 
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dans I’hémoglobine. Aprés fractionnement de celle- 
ci, on constate que le rapport des activités spécifiques 
I/II est toujours inférieur a 1, variant de 0,17 a 0,90. 
Des résultats analogues sont obtenus chez le lapin avec 
le glycocolle C!4. L’addition de suspension de moelle, 
d’acide folinique ou de vitamine B,, rétablit un 
rapport supérieur a 1. 

Ces expériences établissent l’existence d’au moins 
deux hémoglobines de comportement métabolique. 
différent. Des expériences cinétiques permettent 
d’exclure que l’une des hémoglobines soit le pré- 
curseur de I’autre. 

Cette méthode pourrait étre d’application générale 
pour tester l’homogénéité des protéines et d’autres 
composés. 
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Isotopic Studies of Globulin Production 
in Extravascular Sites. F. Grecoire, 
J. H. Humpurey, and A. S. McFAarRLane, 
The National Institute for Medical Research, 
The Ridgeway, Mill Hill, London, N.W.7, 
U.K. 

Labelled plasma albumin and y-globulin are 
detectable in the bloodstream 20-30 min after 
injecting C!4-labelled amino acids and reach maxi- 
mum concentration 4-5 hr later. Using rabbits which 
had been immunized by intravenous injections of 
antigen (killed pneumococci type 111), labelling of 
plasma proteins, including antibody globulin, fol- 
lowed a similar time course. Rabbits immunized in 
subcutaneous sites by injections of ovalbumin and 
bovine serum albumin in Freund’s adjuvant were 
then examined. Whereas the curve of albumin 
labelling in these animals was unchanged, those of 
y-globulin and antibody globulins were radically 
altered. In particular maximum labelling of antibody 
globulin did not occur until after 50 hr. 

When [?*!-labelled albumin and y-globulin were 
injected subcutaneously they arrived in the blood- 
stream only slowly—presumably via lymphatic 
channels—with maximum activity occurring in the 
plasma at 40—50 hr. We conclude therefore that most 
of the antibodies in the rabbits which were immunized 
subcutaneously were produced extravascularly. Slices 
of granulomatous tissue taken from the sites of antigen 
injections were also shown to be capable of producing 
labelled antibodies when incubated with labelled 
amino acids. 

It was noted that y-globulin left behind in the 
plasma after specific immunological precipitation of 
antibody globulins became rapidly labelled to a level 
which was maintained constant for 50-100 hr. This 
suggests that this residual globulin comprises normal 
y-globulin originating in an intravascular site and a 
large proportion of globulins made extravascularly. 
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The same may be true of some human pathological 
globulins which have been examined by similar 
methods. 
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Studies on the Incorporation of Glycine 
2C™ into Haemoglobin by Immature 
Red Cells in Vitro. A. A. H. KAssENAAR,* 
I. Lonpon,t H. Moreii,t and J. DE 
GRAEFF.* 


In previous publications from one of our labora- 
toriest the results of in vitro studies on heme formation 
by avian red cells and by mammalian reticulocytes 
have been reported. The studies to be presented were 
performed in order to investigate the formation of the 
protein part of the haemoglobin molecule. Further- 
more by studying the synthesis of heme and of globin 
in the same cells under various conditions we investi- 
gated whether these two processes, leading to the 
formation of the haemoglobin molecule are coupled 
or can proceed independently. These experiments 
were performed by determining the rate of incorpora- 
tion of the alpha carbon atom of glycine into haem 
and into globin. 

The results obtained indicate that the mechanism 
which leads to the incorporation of glycine into globin 
by duck red cells is very sensitive to changes in pH, 
tonicity and composition of the incubation medium. 
The addition of nucleosides (as e.g. adenosine or 
inosine) has an inhibitory effect on this process. 

In addition it was found that the glycine incorpora- 
tion into heme and into globin by duck red cells can 
proceed at independent rates and that changes in the 
incubation conditions which do have an effect on one 
process leave the other one unaffected. This is in 
contrast to the results obtained by Krux and Bor- 
SOOK using rabbit reticulocytes. Their results have 
been partly confirmed by us. 

By studying the effect of tri-iodothyronine on globin 
formation in avian and rabbit reticulocytes in our 
system it was found that this hormone has a definite 
inhibitory effect. The mechanism by which. this 
effect is achieved is under investigation. 


* Department of Clinical Endocrinology and diseases 
of Metabolism, University Hospital, Leiden, Netherlands. 

+ The Albert Einstein College of Medicine, Dep. of 
Medicine, Yeshiva University, New York, U.S.A. 
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The Labelling of Ram Semen with P*? 
and Stearic Acid-1-C* in Vivo. R. M. C. 
Dawson, Agricultural Research Council In- 
stitute of Animal Physiology, Babraham, 
Cambridge, U.K. 


Rams which had been trained to use an artificial 
vagina were injected with an isotope and a study 
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made of the rate of labelling of various components of 
the animals’ semen, samples being collected every 
2-3 days. When labelled phosphate was administered. 
the first radioactive component to appear was always 
seminal plasma glycerylphosphorylcholine, reaching 
maximal specific activity at approximately 15-17 
days. Next appeared the sperm phospholipids, acid- 
soluble P and “ribonucleic acid,” all having maxima 
at about 23-26 days, and finally the sperm deoxyri- 
bonucleic acid at 50-57 days. When the connection 
between the testis and epididymis was removed 
surgically, labelling of the seminal plasma glyceryl- 
phosphorylcholine occurred normally, whereas the 
epididymal sperm were not labelled except in the acid- 
soluble fraction. When labelled stearic acid was 
administered along with phosphate the main Cl 
specific activity peak coincided with that of the sperm 
P®2 phospholipids, but there was no peak corre- 
sponding to glycerylphosphorylcholine. 

The observations indicate that with this frequency 
of ejaculation the sperm take a minimum of about 11 
days to pass through the epididymis before ejaculation. 
The time interval between the phospholipid peak and 
deoxyribonucleic acid peak probably represents the 
time taken for the spermatids to change into the 
spermatozoa, a process which does not involve the 
formation of new deoxyribonucleic acid. The gly- 
cerylphosphorylcholine of semen arises in the epididy- 
mis during the process of sperm maturation, but its 
production does not seem to be associated with the 
transfer of fatty acids to the sperm. 
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Metabolic Interrelationship between Blood 
and Milk Lipids in the Lactating Dairy 
Cow. R. F. Gtrascockx, D. J. McWEEny, 
and R. W. Smirn, National Institute for 
Research in Dairying, Reading, U.K. 


Circulating lipids of the dairy cow fall chiefly in the 
following classes: glycerides, free fatty acids, phos- 
pholipids, cholesterol and cholesterol esters. It has 
already been shown in work from this laboratory that 
tritium-labelled stearic acid administered orally in the 
free state or as neutral fat appears very rapidly in the 
milk and within 14 days up to 60 per cent of the dose 
will have been collected. The way in which fat is 
transported from the gut to the milk is clearly of 
interest. Further work has now been done in which 
labelled stearic acid has again been administered by 
mouth and the circulating lipids of the blood then 
collected at intervals, fractionated and _ specific 
activity/time curves constructed both for them and for 
the milk lipids. From this data the compounds in the 
fat responsible for transporting fatty acids from gut to 
milk can be identified. Attempts have also been made 


to label the circulating glycerides by administering 
tracer doses of tritium-labelled glycerides intrave- 
nously in the form of an emulsion, with particle size lu 
or less. It was found that only 10 per cent of admini- 
stered activity was circulating, showing that some 90 
per cent of the injected dose was treated as an 
unphysiological blood constituent. By comparing the 
specific activity/time data of the residual activity with 
that obtained from orally administered labelled fat 
an indication of the usefulness of this technique for 
labelling circulating lipids can be obtained. 
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Incorporation of Butyrate 1-C™ into Milk 
Constituents by the Perfused Cow’s 
Udder. M. Lauryssens, R. VERBEKE, and 
G. Peerers, Physiological Dept., Veterinary 
College, University of Ghent, Belgium. 


The udder of a lactating cow was perfused with 
blood containing 1-C™ butyrate (1 yc) for 2 hr. 

In order to depress fatty acid breakdown, inactive 
butyrate and acetate were added respectively at the 
80th and 105th minute. 

5-7 per cent of the added activity was recovered as 
CO,. Fatty acid fractions from the udder tissue were 
isolated.'’2) The lower even-numbered fatty acids up 
to caprylic acid were separated by gas-liquid chroma- 
tography.) The higher even-numbered fatty acids 
were separated by reversed phase partition chroma- 
tography. 

The results obtained show that the mammary gland 
utilises butyrate for fat synthesis. The specific 
activity of the lower fatty acids—starting with acetic 
up to capric acid—increases with increasing chain- 
length to reach a maximum at capric acid. From 
capric up to stearic acid the specific activity fell 
progressively with increasing chain-length. 

Butyrate is also incorporated into glycerol, lactose, 
phospholipids and milkcasein. The aminoacids of the 
casein-fraction were isolated.‘®) Highest activity was 
detected in glutamic and aspartic acid. Serine, 
proline, glycine and alanine were slightly radioactive. 

The fact that the specific activity of glutamic acid 
is 5 times as high as the activity of aspartic acid 
indicates that butyrate is catabolized via acetate. 
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Experimental Studies on the Airborne 
Infection of Tuberculosis Using P®?- 
labelled Bacilli. SaBuro Kajrwara, Nosuo 
SAMORI, YOosHIO AzUMA, Kazuo HAsHIMOTO, 
and Masayuki YAMASHIRO, Department of 
Hygiene, Faculty of Medicine, Osaka Univ., 
Osaka, Japan; YuicnHt YAMAMURA, YOSHI- 
HIRO YAMAMURA, MASAHIKO Karo, KartsujI 
and Kryoreru MatsunaGa, Toneyama 
Hospital, National Sanatorium, Osaka, Japan. 
The role of airborne infection played in the spread 

of tuberculosis has been generally accepted, but few 

reports are available on the experimental studies 
about this subject. 

In the present study, P®? was used for tracing the 
inhaled bacilli. It was attempted to observe the 
distribution of the inhaled bacilli in the various organs 
of host and to make a comparative study on the fate of 
living and dead bacilli in the host organs by counting 
the radioactivity and the number of living bacilli in 
various organs. 

Another reason for employing radioisotope was that 
the quantitative bacteriological technique does not 
always give reliable information on the number of 
living bacilli present in a given sample of tissue, 
especially in that of alimentary tract, because of the 
inevitable contamination. 

Before using the human tubercle bacilli, a prelimi- 
nary experiment was made with respect to Myco- 
bacterium phlei. 

The bacilli were labelled with P*? after being grown 
for 5 days in Sauton’s medium containing 15 we per 
ml of P3* as phosphate. The culture was harvested on 
filter paper and thoroughly washed with sterile dis- 
tilled water. The suspension was centrifuged twice 
and the supernatant was used for the present experi- 
ment. 

For inhalation a newly designed apparatus was 
used to provide an air flow containing the labelled 
bacilli. The bacterial density in the air in the inhala- 
tion chamber was determined by checking the radio- 
activity and the viable counts of the air by our special 
filter method at various parts of the chamber and at 
different periods of the experiment. The result thus 
obtained revealed the homogeneity of the bacterial 
density in the inhalation chamber. 

Twenty in-bred albino mice were exposed to this 
air flow for 116 min in the inhalation chamber. Then 
distribution of the inhaled bacilli in organs was 
investigated. 

Ten of the mice were used for radioactivity 
counting and another ten for the determination of 
number of viable bacilli. Half of each ten mice were 
sacrificed immediately after the completion of inhala- 
tion and the remaining ones 24 hr later. Immediately 


after the inhalation 20 per cent of the total inhaled 
radioactivity were recovered from lungs, 60 per cent 
from alimentary tract, 15 per cent from liver and 2 
per cent from kidneys. 24 hours later, the radio- 
activity of lungs decreased to one half and that of 
alimentary tract to one third, but the radioactivity 
recovered from liver and kidneys did not show any 
decrease. 

The numbers of viable bacilli recovered from lungs 
were well in accord with the result obtained by means 
of radioactivity, but those from alimentary tract 
could not be estimated due to heavy contamination. 
No living bacilli were recovered from liver and 
kidneys. 
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Some Recent Researches on the Use of 
Radioisotopes for Fertilizer Evaluation 
—the Uptake and Utilization of Carbon 
via Plant Root from C!4-labelled Urea 
and the Behaviour of P*®? in Various 
Compound Fertilizers. Sxinco Mirsut, 
Faculty of Agriculture, Tokyo University, 
Tokyo, Japan. 

The recent increase in the production and con- 
sumption of urea fertilizer in Japan is surprising. On 
the basis of nitrogen they are expected to surpass 
those of ammonium sulphate in a few years. Also, the 
phosphatic fertilizers are going to be utilized in large 
quantities in various forms of compound fertilizers. 
In view of the primary importance of this fact, the 
author recently conducted the following study and 
found the usefulness of radioisotopes. 

In parallel with the utilization of nitrogen, the 
uptake of carbon via plant root from urea fertilizer 
was studied either in the form of urea or carbon 
dioxide transformed from urea. To this aim the use 
of Cl4 labelled urea is of highest benefit. Otherwise 
the experimentation would almost be impossible. The 
most convenient method of radioassay of the uptaken 
C was worked out. About 25 yc of C™ labelled urea 
per pot was dressed on the surface of soil or surface 
water to wheat or rice seedlings. The Cl intaken 
during 10 days was assayed. The figures in term of 
CH availability were 6-38 per cent for lowland rice 
under waterlogged soil condition, and 0-82 per cent 
for wheat under upland soil condition. The reason 
for such a surprisingly high availability for lowland 
rice was discussed from soil and plant scientific views. 

The availability of phosphoric acid in various forms 
of compound fertilizers can be affected by the kind 
and amount of accompanied salts. Along with many 
laboratory and greenhouse experiments the salt effect 
followed by salt dilution effect on the fixation followed 
by release by soil of phosphoric acid was most clearly 
shown in many radioautograms. 
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The Influence of Temperature on the 
Mineral Assimilation of Plants. Z. I. 
ZHURBITsKy and D. V. SHTRAUSBERG, 
U.S.S.R. 

The radioactive isotopes P32 and Ca* were used in 
a study of the influence of temperature of the soil and 
the air on the intake of phosphorus and calcium in 
plants. These investigations were carried out in 
connexion with the preblems of agricultural develop- 
ment of the Far North. 

A study of the assimilation of labelled phosphorus 
by oats and cucumbers at temperatures of 18-20° and 
6-7° showed that a reduction in the temperature of 
the soil reduces the assimilation of phosphorus by a 
factor 2, whereas the same reduction in _ the 
temperature of the air hardly produces any effect 
whatsoever on its assimilation. 

The best assimilation of labelled calcium was 
observed when the soil and the air had favourable 
temperature, a fall in temperature of the soil or the 
air reducing the assimilation of calcium by roughly 
40 per cent. 

The temperature produces likewise a big influence 
on the distribution of assimilated elements between 
the roots and above-ground organs. 

After three hours of absorption of phosphorus by 
oats at a favourable temperature, about 20 per cent of 
the solution of the absorbed element was found in the 
leaves, whereas at a lower temperature only 7 per cent 
passed into the leaves. The movement of Ca into the 
leaves was also strongly delayed at low temperatures. 

In the experiments conducted it was shown that in 
the movement of phosphorus from the root system 
into the leaves, the saturation of the absorption ability 
of the root for phosphorus had, apart from the 
temperature, a great significance. The first portions of 
phosphorus adsorbed by the roots move into the 
leaves only to an insignificant degree, but as the root 
system becomes more saturated with phosphorus 
the quantity of phosphorus passing into the leaves 
sharply increases. 

A fall of temperature below 20° slowed up to a 
greater extent the assimilation of phosphorus by oats 
and radishes and to a lesser extent by cucumbers and 
horse radish. In the same conditions, the assimilation 
of calcium did not diminish in the case of cucumbers 
and oats, whereas radish and horse radish proved 
sensitive in this respect. Thus, marked differences are 
observed between individual plants as regards their 
ability to assimilate different elements at low tempera- 
tures. Furthermore, different ranges of temperatures 
influence differently the assimilation of certain ele- 
ments by plants. For example, the assimilation of 
phosphorus is seriously hampered even at tempera- 
tures of 10—12°, whereas the assimilation of nitrogen 


falls off sharply only at temperatures below 6—7°. 
In these conditions, the plants gradually lose the 
ability to assimilate nutrients in the following order: 
Ge >8>K. 
An increase in the concentration of NPK in a cold 
nutritious solution and also non-root fertilizer 
improved the assimilation of phosphorus by plants. 
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Sur la distribution de l’anhydride car- 
bonique marqué fixé par photosynthése 
et par carboxylation dans les feuilles 
de Bryophyllum. M. L. Cuampicny, G. 
Joucuine, et A. Moyse, Laboratoires du 
CNRS, Gif-sur-Yvette, France. 


La fixation de CMO,, a la lumiére, par les feuilles 
d’une plante grasse (Bryophyllum Daigremontianum) se 
fait a la fois par carboxylation photosynthétique et par 
B-carboxylation aboutissant au marquage trés intense 
de l’acide malique. Cette derniére réaction qui a lieu 
également a l’obscurité s’accompagne de |’oxydation 
partielle de cet acide, d’ot marquage des acides 
citrique, isocitrique, aspartique, de la f-alanine et de 
lacide glutamique. 

La radioactivité et l’activité spécifique des acides 
malique, citrique, isocitrique et glutamique sont plus 
élevées a la lumiére qu’a l’obscurité, témoignant de 
laccélération des oxydations cytoplasmiques. 

Par contre, le marquage trés actif a la lumiére de 
l’x-alanine de la leucine, de l’arginine et de la valine 
(comme celui des glucides phosphorylés et libres) 
témoigne de la rapidité simultanée des réactions 
proprement photo-synthétiques réductrices. 

L’utilisation photosynthétique du carbone de l’acide 
malique antérieurement accumulé a l’obscurité est 
lente et succéde vraisemblablement a son oxydation. 

La fixation photosynthétique de CO, ainsi que la 
f-carboxylation sont réduites en présence de nitrate, 
par suite de la compétition de CO, et de NOg, pour 
le pouvoir réducteur cellulaire. 
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Effect of Some Poisons upon the Mecha- 
nism of Photosynthesis as Studied by 
the Technique of “Pre-illumination” 
Using as Tracer. Tamiya, 
Mryacui, ToyoyAsu Hirokawa, 
and Tetsuya Katou, Tokugawa Institute 
for Biological Research; Institute of Applied 
Microbiology, and Department of Botany, 
Tokyo University, Tokyo, Japan. 

It has been shown by CAtvin et al. (1948) that the 
CO, fixing capacity of green cells increased markedly 
when the cells were illuminated prior to the provision 
of CO, in the dark. The agent responsible for the 
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enhanced CO,-fixation was concluded by Tamiya 
et al. (1955) to be a certain reducing substance 
(designated by R) which is formed photochemically 
from its precursor (P) with a liberation of oxygen: 


light 

P + H,O ——— R + 30, (I) 
In the absence of CO,, R is re-oxidized by P by 
reacting with oxygen: 

R + O, P + H,O, (11) 
the resulting H,O, being immediately decomposed by 
the catalase existing in chloroplasts: 

catalase 
H,O, ———— H,O + 40, (III) 
In normal photosynthesis, R reacts, not with Og, 
but with phosphoglyceric acid (PGA, which is 
formed from CQ, and ribulose-diphosphate, RDP) to 
give rise to triosephosphate, which in turn is eventually 
converted into RDP (Benson et al., 1954). Thus the 
overall reaction between R and CO, proceeds in the 
manner: 

R + 3CO, ———> P + $PGA (IV) 
Using Chlorella as material, the effects of cyanide, 
azide and hydroxylamine upon the above-mentioned 
four reactions were investigated. It was found that 
cyanide inhibits reactions (III) and (IV) leaving (I) 
and (II) intact, while azide and hydroxylamine affect 
all four reactions with relative strengths which vary 
more or less markedly according to the temperature. 
It was thus revealed by the tracer technique that 
the mechanism of inhibition of photosynthesis caused 
by these substances is far more complicated than it 

has been generally assumed heretofore. 
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Different Ways of Transformation of 
Carbon Assimilated by Plants in the 
Process of Photosynthesis. A. A. Nicui- 
porovicH, T. F. ANDREYEVA, N. P. VoskRE- 
SENSKAYA, U.S.S.R. 

(1) As a result of the wide use of the tracer tech- 
nique more data are available now which testify to the 
fact that in the process of photosynthesis different 
products are formed and that their quantitative corre- 
lation depends on plant species, their physiological 
state and environmental conditions. 

(2) Materials have also been obtained on the basis 
of which we may judge of the causes and ways of 
photosynthetic transformation of carbon in different 
conditions. 

(3) These different ways result from the changes of 
the correlations in the transformation of carbon being 
assimilated towards carbohydrates, on the one hand, 
or from phospho-glyceric acid towards phospho- 
enolpyruvic and pyruvic acids, on the other. 

The latter way leads to formation of a number of 


amino acids (first of all alanine and serine) as well as 
of malic and other acids. 

(4) The quantitative correlations between both 
ways of carbon transformation are conditioned by a 
change in the correlations between the reactions of 
reduction and oxidation in the photosynthetic cycle. 

(5) When light is more intensive and long-wave rays 
are predominant in its spectrum, the first way trans- 
formations of photosynthetically assimilated carbon 
increase. 

In conditions of abundant nitrogen feeding, pre- 
valence of short-wave rays in the spectrum, in young 
rapidly growing plants, the second way carbon trans- 
formations are relatively predominant with increased 
yield of organic and amino acids. 

(5) When light is weak, Krebs cycle is not com- 
pletely blocked, and thus acids of this cycle and a 
number of amino acids are formed among which 
glutaminic acid is the most characteristic. 

Less intensive light and limited water supply 
decelerate synthesis of carbohydrates and proteins 
and condition formation of relatively larger quantities 
of organic and amino acids. 

(7) Thus, a change in the conditions of photo- 
synthesis results in different correlations between the 
products formed and amino acids in particular. Being 
formed in different quantitative relations, amino acids 
may influence different courses of protein renewal and, 
in particular, their qualitative regrouping, which 
probably takes place in photoperiodic reaction of 
plants. 
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The Effect of Water Stress on the Cell 
Wall Metabolism of Plant Tissue. 
LAWRENCE Orpin, Agricultural Research 
Station, Rehovot, Israel. 


The sensitivity of plant growth to water stress is one 
of the central problems of irrigated agriculture. 
Recently it has been shown that one of the primary 
reactions in growth of the Avena coleoptile is a plasti- 
cization of the cell wall and that synthesis of cellulose 
is a prerequisite for the continuation of the growth 
process. Short time period experiments were carried 
out with the isotope C™ in order to study the effect of 
osmotic pressure on the metabolism of the cell wall. 
It was found that incorporation of uniformly labelled 
glucose-Cl4 into protopectin and into cellulose is 
markedly depressed by increased osmotic pressure 
whereas incorporation into non-cellulosic poly- 
saccharides and into polyuronide hemicelluloses is less 
affected. Pectin, on the other hand, tends to increase 
as osmotic pressure rises before decreasing at higher 
water stresses. The question of the relative sensi- 
tivities of protopectin and of cellulose metabolism to 
water stress will be discussed. 
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Certain Data Concerning the Physiology 
of Yeast in Fermentation of Malt Must. 
I. Y. Vesetov, N. V. Poxrovskaya, S. S. 
Ry and V. N. Sum, U.S.S.R. 


The investigation was conducted with substances 
containing radioactive carbon, namely: _ lactic, 
pyruvic, and acetic acids, glycine, glucose, acetal- 
dehyde, carbon dioxide, and a mixture of amino 
acids of the products of autolysis of yeast. 

The results of the investigation showed the 
following: 

(1) The synthesis of carbohydrates of the biological 
mass of yeast developing in fermentation proceeds 
according to the following scheme: 

Carbohydrates of the medium— desmolysis— inter- 
mediate products— carbohydrates of yeast, and not in 
accordance with the principle: carbohydrates of the 
medium =carbohydrates of the yeast. 

(2) The synthesis of amino acids takes place 
according to the scheme: 


carbohydrates") of the medium—amino acids ‘~? of the 
(x) medium 


intermediate products—re-amination and recarboxylation 


amino acids'*~) of yeast side products'*~) of medium 


In the fermentation of labelled glucose in a medium 
with a normal composition of non-labelled amino 
acids, the specific activity of the carbon of the amino 
acids of the yeast reaches 50 per cent and more of 
the specific activity of fermented glucose. 

In the fermentation of media with unlabelled 
amino acids that are peculiar to malt must, when 
these media contain lactic, pyruvic and acetic acids 
and acetaldehyde as the only labelled compounds, 
the amino acids of grown yeast also come out labelled 
with carbon. 

(3) The formation of the higher alcohols proceeds 
not as a result of direct deamination and decarboxy- 
lation 


RNH, COOH--NH, + CO, + ROH, 


but as a result of the complex metabolism of yeast 
through intermediate products of fermentation of 
carbohydrates. In a medium in which the only 
labelled substance was glucose, the higher alcohols 
appear to be labelled with carbon. 

(4) The secondary products of fermentation— 
ethers etc., are formed not according to the scheme: 
alcohol + acid + ether + H,O, but according to 
the scheme: aldehyde + aldehyde — ethers. 

(5) The introduction into the fermenting medium 
of acetaldehyde prior to the beginning of fermentation 
reduces the formation of glycerine as a side product. 
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(6) Organic acids present in the medium and 
formed from the intermediate products, for example 
acetic acid in accordance with the Cannizzaro 
reaction from aldehydes, are the most important 
components for building the biological mass of 
yeast-proteins, amino acids, fats, etc. 

(7) Carbon dioxide is fixed in large volumes by 
barm and yeast of the Torula type, and is detected in 
various substances of the biological mass, in particular 
in proteins. 

(8) Lower barm and baker’s yeast Saccharomyces 
retain (in conditions of fermentation of a non-oxygen 
medium saturated with carbon dioxide in the case of 
cultivation in an endless number of generations) a 
normal coefficient of multiplication and raise the 
fermenting activity per unit cell. 

The experimental data permit us to evaluate the 
physiological role of the fermentation of carbohydrates 
as the chief process of transformation of substances of 
the medium, which process ensures the formation of 
intermediate products for the exergonic biosynthesis 
of yeast substances in anaerobic conditions. 


x) labelled. 
—) unlabelled. 
x —) labelled and unlabelled. 


( 
( 
( 
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A Total Label of the Organic Substances 
of a Plant by Radioactive Carbon as a 
Method of Studying Metabolic Dis- 
turbances. A. M. Kuzin and V. I. 
Toxarskaya, U.S.S.R. 

(1) There may arise, in an organism in the patho- 
logical state, anomalous products of metabolism, which 
are often impossible to detect by the chromato- 
graphical method due to the absence of the proper 
colour reactions or to the unknown nature of these 
metabolites. In such cases, a very promising method 
is that of total labelling with radioactive carbon 
of all organic substances in the organism under 
study, followed by radiochromatography which is 
based on the discovery and identification of meta- 
bolites with the aid of ultraviolet luminescence. 

(2) Total labelling with radioactive carbon is 
most easily accomplished in a plant organism 
by prolonged photosynthesis in the presence of 

(3) Several models of portable chambers for pro- 
longed photosynthesis have been designed, and it has 
been shown that a 25-day period of growth of the 
plants in the presence of CMO, is sufficient for the 
radioactive carbon to enter all the organic substances 
of the plant. This was verified not only on the primary 
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products of photosynthesis, but also on such sub- 
stances of secondary synthesis as pigments (chloro- 
phyll) and various alkaloids (nicotine, morphine, 
atropine). 

(4) Totally Cl-labelled shoots of maize were used 
to study the anomalous metabolites that are formed 
in the plant under the action of various physical 
factors, including ionizing radiation. 

(5) This method was also used to study the kinetics 
of the evolution of organic substances by roots. 
It is shown that evolution of such substances by the 
roots is sharply increased in the case of irradiated 
plants. A radiochromatographical investigation of 
root isolates revealed in the irradiated plants the 
presence of eight organic substances absent in the 
isolates of normal plants. 

(6) A radiochromatographical investigation of the 
individual fractions of a substance, which were 
obtained from the roots and the leaves of totally 
labelled plants, made it possible to note an essential 
difference in the content of metabolites in irradiated 
and non-irradiated plants. 
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Phosphorylation oxydative des mitochon- 
dries de pois 4 l’aide de P®?. G. Ducer 
et A. J. RosENnBERG, Institut de Biologie 


physico-chimique, Paris, France. 
L’incorporation de P*? dans les différentes fractions 
de phosphore estérifié a été étudiée par la 
méthode de _ séparation de Kuym et Conn 
adaptée a des microquantités de composés phos- 
phorés. Les mitochondries étaient séparées par 
centrifugation fractionnée de broyats de pois en 
germination. L’absorption d’oxygéne des mito- 
chondries est importante sans addition de substrat, 
mais augmente notablement en présence de succinate. 
(1) en présence d’ATP et a 0°, PATP devient 
radioactif en quelques minutes. 
(2) sans addition d’ATP exogéne, il y a incor- 
poration de P®? dans les hexoses 6-phosphate. 
(3) en présence d’ATP et de succinate, |’incor- 
poration de P** est beaucoup plus grande dans 
les fractions ADP et surtout ATP que dans les 
hexoses phosphate. 
Cette étude indique la présence d’hexo-kinases 
liées aux mitochondries et relativement peu actives 
dans la phosphorylation oxydative. 
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The Root System as the Organ of Meta- 
bolism. A. L. Kursanov, U.S.S.R. 


The roots are generally studied as the organs that 
supply the plant with water and nutrients. Meta- 


bolism of the roots themselves has not been studied 
to any great extent. This impeded the proper under- 
standing of the mechanism of absorption and primary 
assimilation of ions, and also left in the dark the signifi- 
cance of biochemical activity of the roots in the 
general metabolism of the plant. 

The investigations with C™ conducted in our 
laboratory provide some data for an evaluation of the 
roots as an organ of metabolism. 

It is shown that in definite periods in the life of 
plants up to 50 per cent of the assimilated material 
labelled with C™ is directed from the leaves to the 
roots. The down-going mixture consists chiefly of 
saccharose, the synthesis of which is partially accom- 
plished in the conducting paths themselves. Organic 
acids and amino acids make up an insignificant 
portion of the downward flow. 

Irritation of the absorbing zone of the roots by 
nitrous salts sharply accelerates the movement 
toward them of the products of assimilation of the 
leaves. This points to a dependence of the outflow 
upon the absorbing activities of the roots. 

Sugars in the roots are rapidly converted into 
compounds of an ionic character, among which the 
predominant ones are organic acids; later amino 
acids, amides, and ureides are formed. With the aid 
of chromatography about 30 compounds formed in the 
roots of Cucurbita pepo from incoming saccharose were 
identified. 

The principal course of transformations is that 
through glycolysis and the Krebs’ cycle, although in 
certain cases it may be different. These processes 
should be regarded as a preparation of the carbon 
acceptors for primary assimilation and transportation 
of the elements of soil nutrients. 

The formation of carbon acceptors is accompanied 
by the fixation of CO, by the roots. The CO, is 
partially absorbed from the surrounding environment. 
This makes it possible to use CO, supplied through 
the roots to follow the formation of certain of the 
organic acids, and their subsequent transformations 
and movements. 

Sap carries to the shoots a mixture of many organic 
substances which are the products of metabolism of 
the roots. Radioactivity measurements show that 
nearly half of the products of assimilation coming to 
the roots are thus returned to the above-ground 
organs. 

Thus, using C1 it was possible to discover and study 
the turnover of substances in which the roots play a 
significant metabolic function; they effectuate the 
transformation of sugars, determine the character of 
the primary assimilation of the elements being 
absorbed and distribute the products of their meta- 
bolism throughout the plant. 


= 
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The Use of Radiocarbon in the Investi- 
gation of the Biosynthesis of Terpenes. 
G. V. Suxuov, U.S.S.R. 


A general consideration is given to the problem of 
determining the paths of biosynthesis and metabolism 
and measurements of rates of renewal (turnover) 
through the use of radioactive tracers. The kinetic 
equations of changes in the isotopic content of 
metabolites for an established process of exchange 
and different time intervals of introducing the radio- 
elements into the organism are proposed. An analysis 
is made of the conditions for applying the isotope- 
kinetic method in the investigation of the mechanism 
of metabolic reactions, i.e. in the determination of 
reacting substances, the succession of reactions and 
for measuring the flux rates and turnover times. 
It is shown that the use of radioactive tracers in the 
investigation of biosynthesis and metabolism, without 
obtaining data concerning the kinetics of tracers 
inclusion into genetically related substances, leads to 
ambiguous conclusions. The sources of errors in the 
isotope-kinetic method are investigated. 

The relations obtained are applied to an analysis 
of experimental results of the investigation of the 
biosynthesis of terpenes and resin acids of pine trees 
(P. silvestris). A description is given of experiments 
conducted for the first time with the introduction of 


CO, into the crowns of 10 m trees in the process of 


photosynthesis; a description is also given of a 
portable photosynthetic chamber made of polyamide 
film having a volume of 60 m°, and of its control- 
measuring apparatus. 

Data are obtained concerning the dependence of 
the rate of assimilation of carbon dioxide on its 
concentration and light intensity. Measurements are 
made of the kinetic curves of C! inclusion into 
carbohydrates, monocyclic terpenes and resin acids 
of the needles, bark, and wood. It is found that 
terpenes are not the final products of metabolism. 
Terpenes and resin acids are continually renewed 
and take part in metabolism. At a temperature of 
15-20° the biological half-life of mono- and di- 
saccharides in the needles of pine trees lasts 24 hr, 
while that of bicyclic monoterpenes and resin acids 
lasts 48 hr. The rate at which substances intermediate 
between carbohydrates and terpenes are renewed is 
several times greater. The renewal of terpenes is 
connected with growth; their turnover rate in the 
needles of the current year is 10 times greater than in 
the needles of the preceding year. The rate of 
biosynthesis of terpenes is not perceptibly influenced 
by tapping. 

The new technique makes it possible to study in 
detail the photosynthesis, breathing and the inter- 
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mediary carbon metabolism of woody plants in the 
conditions of their natural growth. 
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The Use of Radioactive Carbon-14 for 
Investigating the Mechanism of Bio- 
synthesis of Rubber and Its Concomi- 
tants in the Kok-Sagyz. E. A. SHILLov, 
U.S.S.R. 

Neutral aqueous solutions of different compounds 
containing carbon C™ were introduced into Kok- 
sagyz plant and in certain intervals of time fractions 
of rubber, resins, carotene, water soluble substances 
and cellulose were separated from the plants. By the 
radioactivity of each fraction we judged on the parti- 
cipation of the various compounds in the biosynthesis. 

During 5—6 days 50-80 per cent of the compounds 
introduced are transformed into CO,. By the fifth 
day of the experiment in water soluble substances 
only 10-15 per cent of the radioactive carbon 
introduced remains in the plants. 0-5 to 3 per cent of 
the carbon-14 goes into rubber resins, carotene and 
cellulose. 

Of the compounds investigated, alanine -2-C™ 
gives the largest activity to rubber. The atoms of 
carbon C! from different sugar Krebs cycle acids 
(acetic acid -1-C!4 and pyruvic acid -2-C"," levulinic 
acid -C™ acetoacetic acid -3-C!, acetone -2-C! and 
glyceric acid -1-C!4) get into rubber approximately in 
the same and much lesser extent. In still lesser 
quantities come into rubber the atoms of C from /- 
methylcrotonic acid -3-C!, pyruvic acid -1-Cl4 
alanine -1-C! and others. Carotene acquires 
considerable radioactivity in the experiments with 
acetic acid -1-C™ alanine -2-C™ and acetone -2-C™. 
The probable mechanism of rubber and carotene 
formation involves condensation of a_bicarbonic 
molecule with trioses or their derivatives with 
participation of corresponding enzymes. 

Cellulose acquires the strongest radioactivity in 
the experiments with glucose -1-C!. Radioactivity 
of cellulose in the experiments with other compounds 
(acetic acid levulinic acid, alanine, pyroramacetic 
acid) is 8-20 times weaker. Radioactivity of the 
cellulose on the 8th—10th day after introduction of a 
radioactive compound acquires a maximum value and 
then decreases. This indicates a participation of a 
newly formed cellulose in the process of metabolism. 
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Studies on Biosynthesis of Alkaloids 
Using Radioactive Tracer Technique. 
SHojt Surpata, Izumi ImMAsexi, and Mikio 
YAMAZAKI, Pharmaceutical Institute, Medical 
Faculty, University of Tokyo, Japan. 
The biosynthesis of 1l-ephedrine, a_ principal 


230 


alkaloid of Ephedra plant was studied by means of the 
tracer technique. 

In the first part of this series of investigation, in 
which N!® was employed as tracer element, we 
obtained evidence that ephedrine is formed in the 
aerial part of Ephedra plant. Then it was shown 
that phenylalanine takes part as a direct precursor in 
the biosynthesis of 1-ephedrine. 

The present study was carried out with a view 
to investigating biological transmethylation, which 
takes place in the course of ephedrine formation in 
plant. 

C-labelled methionine was given to the medium 
of hydroponic cultivation of intact Ephedra distachya L. 
The radioactivity of l-ephedrine isolated from the 
plant after one week’s cultivation, and the localized 
activity in the N-methyl grouping were measured. 

Components of the hydroponic solution (mol/litre) 
were: KNO,, 5 x 10%; EHO, | x 10°; 
5 x 10-3; MgSO,-7H,O, 2 x 
10-*; p_-methionine(methyl-MC), 4-5 x 10-4; minor 
elements, trace. (pH 6-2.) 

The radioactivity of the methionine administered, 
and that of l-ephedrine produced as well as_ its 
degradation products were shown as follows: 

Specific activity Total activity 
(counts/min/ (cpm) 
m mol) (counts/min) 
Methionine 

(Methyl-4C) 

administered 
Ephedrine-* HCI 
CH,NH,* 

Chloroplatinate 
C,H;CH,COCH,-* 

2,4-Dinitro- 

phenylhydrazone 


1-3 x 108 9-0 x 107 


3-6 x 108 
3-8 x 108 
Nil 


*Ephedrine was decomposed by heating with 25 per cent HCI in a 
sealed tube to obtain methylamine and benzylmethylketone. 


This experiment presents the evidence that the 
radioactivity of methyl grouping in methionine 
administered is transferred to n-methyl group of 
l-ephedrine produced in plant. 

The biosynthetical pathway of ephedrine formation 
in Ephedra is supposed as follows: 
C,H;-CH,-CH-COOH C,H;-CH-CH-CH, 


6NH, ——>  OH™NH™4—CH, 


( Phenylalanine) 


4CH,S-CH,-CH,-CH-COOH 
| 


(Ephedrine) 


NH, 
(Methionine) 
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Leaching of Nutrients from Plant Foliage 
as Determined by Radioisotopes. H. B. 
Tuxey, S. H. Wittwer, and H. B. Tukey, 
Jr., Michigan State University, East Lansing, 
Michigan, U.S.A. 


Loss of root-absorbed nutrients from plant foliage 
by leaching with aqueous solutions has been demon- 
strated using radioisotopes. Seedlings of bean 
(Phaseolus vulgaris) and squash (Cucurbita pepo) were 
grown in nutrient culture solutions containing various 
radioactive isotopes. The leaves of the plants were 
then leached by (a) soaking in aqueous solutions, 
and (b) applying a water spray; the radioactivity 
of the leachate was determined. 

Nutrients were classified as to the percentage of the 
nutrient leached from leaves during a 24 hr period: 

Group I, more than 10 per cent: Na*4, Fe%—59, 

Mn22-54, 

Group IT, 1-10 per cent: Ca‘, S%, 

Group III, less than 1 per cent: P®?, Zn®, K*. 

Similar amounts of nutrients were leached by 
distilled water as by 0-1N or 0-01 N KH,PO,, 
0-25 N NaOH, and 0-25 N CaCl, solutions. Phos- 
phate in the leaching solution increased the loss of 
P®2, whereas calcium in the solution did not increase 
the loss of Ca‘. Leaves attached to the parent 
plant lost more nutrients than did excised leaves. 
Losses were greater when the nutrient supply to the 
roots was maintained during leaching, than when 
the supply was depleted. Hourly losses of Ca‘? 
declined until a constant level was reached after 
12-14hr. Loss of Ca* was greater from old leaves 
than from younger leaves. P** loss was greater at 
night than during the day. Nutrients leached from 
the leaves of one plant species were root-absorbed 
and translocated by another plant species. 

Carbohydrates were also leached from leaves. 
Losses of carbohydrates directly paralleled the 
intensity of solar radiation. 
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The Circulatory System of the Sugar-cane 
Plant. G. O. Burr, C. E. Hartt, T. 
Tanimoto, D. Physiology and 
Biochemistry Department, Experiment Sta- 
tion, Hawaiian Sugar Planters’ Association, 
Honolulu, Hawaii, U.S.A. 


The sugar-cane plant, one of the world’s chief 
food producers, has growth habits which make it 
especially useful for studies of translocation of 
materials. The primary stalk, which arises from the 
single nodal eye of a cutting, soon produces numerous 
shoots from underground buds which may eventually 
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result in a stool of hundreds of stalks if not restricted 
by competing plants. In addition there are aerial 
branches which may arise from nodal buds at any 
height above ground. 

During the past ten years at this Station a number 
of radioisotopes have been used to study photo- 
synthesis, absorption and movement. Among these 
are P82, Ca, Mo, etc. Heavy 
nitrogen (N!®) has been extensively used as an 
adjunct to the above work. 

The data to be discussed in this paper are chosen to 
show the interdependence of all parts of this complex 
plant. For example, in glass-houses, with root and 
air temperature independently controlled, trans- 
location of labelled carbohydrates from the leaf may 
be more dependent on the temperature of roots than 
of the leaves and stalk. In other words, there is a 
complete circulatory system which may be blocked 
at any point in the circuit. This circulation includes 
all member stalks of a large stool. Exact linear rates 
of movement of organic and inorganic substances 
have been measured. The data will be presented 
graphically on slides. 
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Exchange and Circulation of Labelled 
Ions in Young Intact Plants. R. J. 
Hever, Botanical Laboratory, University 
of Groningen, Netherlands. 


By tracing the P* content of young barley plants 
the rate of fixation in the roots and the rate of transfer 
to the shoots can be determined. Moreover there 
appears to be a rapid exchange of a fraction of the 
root P for external P. 

Comparing total P* uptake with net P uptake 
reveals, however, that there may be a slow exchange 
in addition to this rapid one. This P is derived from 
a large pool involving not only P recently absorbed 
but much “older” P present both in shoots and roots. 
This release of P is correlated with the stage of 
development of the plants, suggesting that it reflects 
to some extent the redistribution of P. External 
factors have also an influence on this release. 

In prolonged experiments it can be demonstrated 
that a transport (up to 20-30 per cent) from the 
shoots back to the roots may occur concomitantly 
with the transfer from roots to shoots, i.e. an impressive 
circulation of P can be demonstrated. With young 
bean _ plants a similar process can be traced in the 
primary leaf by counting its activity in vivo using a 
continuous recorder. 

On the basis of these results a theoretical model of 
the transport system was arrived at. With the aid of 
simple equations the various quantities can be 
estimated. 


A circulation of ions within the plant could also be 
shown with Rb*, whereas the complexity of the 
uptake in roots of intact plants became apparent 
from experiments in which the effect of pretreating 
plants with various solutions on subsequent Rb 
uptake were studied. 
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Transport of Sucrose in Stem Sections. 
D. ZeEEuw, Laboratorium voor Tuin- 
bouwplantenteelt, Landbouwhogeschool, 
Wageningen, Netherlands. 


It is difficult to study the influence of substances and 
environmental factors on the rate of sucrose trans- 
location and on the amount of transported sucrose 
in whole plants. Therefore an effort was made to 
study the translocation of sucrose in excised stem 
sections. The technique used is based on the one 
which NrEDERGANG-KAMIEN and Sxooc used for their 
studies on polar auxin transport. Stem cylinders, 
1 cm in length, were removed from the internode 
above the cotyledons of about 3 weeks old sunflowers. 
The cylinder was placed on an agar block (0-8 mm?) 
and the labelled sucrose was applied in a small 
droplet on top of the cylinder. In time studies one 
cylinder was used which was moved at set time 
intervals from one agar block to another. The radio- 
activity in the agar blocks and the stem material was 
measured with a (windowless) gas flow counter. 

The first set of experiments showed that: (1) the 
sucrose was translocated at a rate above 60 cm/hr; 
(2) translocation was non polar; (3) the sucrose was 
translocated as sucrose. 

The second set of experiments, which dealt with a 
study of the influence of different factors on the 
sucrose translocation revealed that the rate of 
translocation was not influenced by light, temperature, 
respiratory inhibitors and «-naphthalene acetic acid. 
However low temperature, anaerobic conditions and 
DNP increased the amount of translocated sucrose 
whereas NAA decreased this amount. Thus it seems 
that the metabolic activity of the tissue determines the 
amount of sucrose which is translocated through the 
tissue. 
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New Data Obtained in the Study of Fertili- 
zation of Plants through the Use of 
Radioactive Isotopes. I. M. Potyakov, 
A. N. Dwrrrieva, aid A. F. Zpritko, 
U.S.S.R. 


(1) In 1953-1957 the authors worked out and 
applied in experiments with tobaccos, maize, cotton, 
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kenaf, peas and other plants a new method of 
investigating the processes of fertilization of the 
higher plants through the use of pollen labelled 
with the radioactive isotope of S*° or P®?. 

(2) The application of a different-time pollination 
of the same flowers first with ordinary pollen and then 
with pollen labelled with S* or P®*, showed that the 
pollen of repeated pollinations introduced into the 
seed buds, already after the double fertilization had 
taken place (that is, into seeds that have begun to 
develop), their organic compounds, which in our 
experiments were tagged with S* or P®*. The varia- 
tion in the quantity of these compounds in the seeds is 
usually regular, depending on the time periods of 
repeated pollinations. 

(3) It is possible experimentally to characterize 
the quantitative aspect of the processes under study. 
If we know such factors as: (a) the number of 
pulses per milligram of pollen, (b) the quantity of 
pollen grains in 1 mg, (c) the number of pulses 
produced by | gm of seeds, (d) the quantity of seeds 
per gm, it is possible to calculate approximately from 
what quantity of pollen tubes the compounds 
containing S*° or P®? passed into one seed (or seed bud). 

A series of experiments with maize showed that the 
corresponding numbers, depending on the conditions 
of the experiment, fluctuate within the limits of 
3-2-8-3. 

(4) Over 70 per cent of the P®? or S** brought in by 
the pollen of repeated pollinations localizes in 
embryons and endosperm. 

(5) Biochemical investigations showed that the 
basic part of P82 and S* enter into the make-up of 
complex organic compounds of the pollen. These 
compounds are brought in by the pollen tubes into 
the ovary; here they undergo a series of transfor- 
mations and become a part chiefly of the organic 
compounds of the seeds. 

(6) An experimental study of the possibility of P%? 
or S*° contained in the pollen, to enter the ovary 
not through the growing pollen tubes, but by means of 
other processes which are conventionally termed 
“diffusion”? processes, showed that not more than 
10-15 per cent of the total quantity of P®? or S% 
enters the ovary in this manner. 

(7) An experimental verification is made up of the 
role of the placenta as a “reservoir” in which accu- 
mulate compounds brought in by supplementary 
pollen tubes, and also of the further redistribution 
of substances between the placenta and the developing 
seeds. 

(8) New data obtained by this method show the 
ways of interaction of the pollen of different species, 
and in particular of mixtures of pollen used in distant 
hybridization. 
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Feeding and Digestion in Marine Cope- 
pods. S. M. MarsHatt and A. P. Orr, 
Marine Station, Millport, Scotland, U.K. 


Copepodsare probably the most important members 
of the zooplankton and form the chief link between 
the producers in the sea—the phytoplankton—and 
the fishes. A knowledge of the kind of food eaten by 
them and the amount they ingest is necessary in 
order to understand the productivity of the sea. 

Cultures of different phytoplankton organisms were 
grown with P®? or C! in the culture medium and 
their food values for different copepods tested. Many 
different organisms, especially diatoms, were found 
to be suitable but those under 5-10 4 could not be 
filtered off. The amount of water from which the 
food could be abstracted was also measured. It 
varied from less than 1 up to about 80 ml per day 
but the amount filtered was not closely related to 
the size of the copepod. For Calanus, feeding was 
examined also in the developmental states. Nauplius 
stages I and II did not feed; there was a gradual 
increase with size in the later stages but no sudden 
rise with the change from nauplius to copepodite. 

The percentage of the ingested food assimilated 
was measured by making counts of the radio- 
activity of the body and the faecal pellets; excretion 
of dissolved substances was relatively slow. Digestion 
varied from about 50 per cent up to over 90 per cent 
depending on the type of organism. 

The fate of the ingested food was followed by 
testing after dissection. In females a very high 
percentage of the phosphorus in the food went to 
the ovary. 
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A Study on the Organic Productivity and 
the Solubility Product of CaCO, in the 
Ocean by Means of the Radiocarbon C". 
Yasuo Miyake, Tokyo Kyoiku University 
and Meteorological Research Institute, Tokyo, 
Japan. 

E. S. NreLsENn introduced a new technique of the 
measurement of marine productivity by means of 
radiocarbon C4, which is regarded as the best 
method among others. The production of coastal 
waters at two places on the seashore in Japan was 
studied and the determination of radiocarbon fixed 
in phytoplankton was standardized by measuring 
ionization current in carbon dioxide gas with 
Lauritsen electroscopes. As a result of observations 
it was confirmed that the diurnal variation in gross 
production was in linear relation to the solar radia- 
tion. Also, it was found that the influences of 
respiration of phytoplankton and of the wall of 
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vessels were negligible. In addition, a comparison 
was made between the radiocarbon method and the 
dissolved oxygen method. The results showed that 
there was no difference when comparison was done 
in the laboratory by using Chlorella in fresh water; on 
the other hand, an essential difference was found 
in productivity values obtained by both methods when 
coastal waters were used. 

In order to make the relation between marine 
productivity and hydrographic conditions clear, 
carbon fixation by means of C and vertical variation 
of light in the sea were observed aboard an observa- 
tion ship off the coast of the Kii Peninsula. It was 
found that the rate of organic production decreased 
with the distance from the shore. It was further 
observed that the productivity increased again to 
some extent at the boundary of the Kuroshio and its 
counter current. 

The solubility product of CaCO, in the ocean is 
important from the geological and geochemical 
point of view, because of a large amount of CaCO, 
deposit on the continent and the ocean floor. The 
radioactive CaCO, was prepared by the use of Cl# 
and the rate of solution in the oceanic water was 
determined. According to the results obtained, the 
solubility product of CaCO, is 1-2 x 10-® being 
between two different values which were respectively 
obtained by REVELLE and WATTENBERG. It was 
further found that sea water near the surface was 
supersaturated with CaCO, but it was under- 
saturated in the deep. 
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Mesure par la méthode au C" de I’activité 
photosynthétique de quelques masses 
d’eau du Pacifique sud-ouest en relation 
avec l’étude de la fertilité de ces mémes 
eaux. H. Jirrs, Division of Fisheries and 
Oceanography, Commonwealth Scientific and 
Industrial Research Organization, Cronulla, 
N.S.W., Australia, et H. Rorscu1, Maitre 
de recherches a l’Office de la recherche 
scientifique outre-mer, Institut francais 
d’Océanie, Nouméa, Nouvelle-Calédonie. 


Au cours des croisiéres 56-4 et 56-5, de l’?Orsom 
III, bateau de recherches de l'Institut frangais 
d’Océanie, des essais systématiques ont été entrepris 
pour mesurer a chaque station occupée l’activité 
photosynthétique des différentes masses d’eau ren- 
contrées. Pour faciliter l’interprétation des résultats 
obtenus, les éléments intervenant de maniére directe 
ou indirecte dans la fertilité de eau de mer étaient 
déterminés aux mémes stations. 

L’activité photosynthétique a été mesurée par la 
méthode au Cl. Les échantillons prélevés en double, 
en surface et a vingt-cing métres de profondeur, avec 


des bouteilles en plastique spécialement construites a 
cette intention afin d’éliminer tout effet de mélange 
et l’influence considérable du transvasement sur le 
phytoplancton, étaient ensemencés directement dans 
les bouteilles de prélévement de quantités constantes 
de carbone radioactif sous forme de carbonate 
d’activité connue. Les bouteilles étaient ensuite 
placées dans un bac a incubation a circulation d’eau 
de mer et a illumination constante, |’éclairage étant 
assuré par huit tubes au néon de 30 watts. Aprés 
incubation de quatre heures, les échantillons étaient 
filtrés sous vide sur filtres millipore, les filtres étant 
ensuite séchés et conservés en boites plastiques pour 
mesure de leur activité en laboratoire. L’activité 
photosynthétique était ensuite déterminée par la 
différence entre l’activité des échantillons incubés en 
bouteilles transparentes et ceux incubés en bouteilles 
non transparentes. Les résultats ont été exprimés en 
milligramme de carbone fixé par heure et par métre 
cube. 

Les mesures ainsi faites font apparaitre une grande 
variation dans I’activité photosynthétique des masses 
d’eau rencontrées bien qu’en premiére apparence les 
autres mesures exécutées semblent indiquer une plus 
grande homogénéité dans la distribution des variables 
classiques telles que température, salinité, oxygéne, 
phosphore minéral. 
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The Results and Prospects of Using Cl! 
for a Study of Carbon Turnover in 
Water Basins. J. I. Sorockin, U.S.S.R. 


(1) The processes related to the turnover of carbon 
lie in the basis of the biological productivity of water 
reservoirs. Many links of carbon turnover in water 
basins are still insufficiently studied being inaccessible 
to investigation with the aid of usual chemical 
methods. These methods are not sensitive enough to 
reveal the transformations of different forms of living 
and dead organic matters. Neither do they allow to 
follow the succession of organic matter in the process 
of its turnover. 

(2) A solution of the basic problems of hydro- 
biology connected with carbon turnover is possible 
only with the aid of radioactive carbon. Due to 
special properties of this isotope (soft radiation and 
long half-life period), it is very convenient for such 
investigations. 

(3) At the Microbiological Laboratory, Institute 
of Biology of Water Reservoirs, U.S.S.R. Academy 
of Science, a method was worked out after three 
years of investigation, allowing to carry out with 
the aid of C™ the determination of the 24 hr- 
productivity of phytoplankton synthesis under | m* 
of the water body surface, without placing vessels in 
the water body at each station. By this method the 
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annual photosynthesis production in the Rybinsk 
Water Reservoir, was determined and found very 
different in different parts of the reservoir. The 
total productivity proved to be 408,000 tons of dry 
organic matter over the whole water reservoir or 
125 g of glucose per m? of its area per year. 

(4) The determination (with the aid of C1*) of the 
production of organic matter due to chemosynthesis 
showed that this process in water reservoirs is closely 
related with anaerobic disintegration of organic 
matter in the silt deposits, and under certain conditions 
may attain considerable values. Since in the case of 
chemosynthesis an accumulation of a bacterial mass 
takes place which serves as food for water inverte- 
brates, this process is a substantial trophic factor. It 
is established that autotrophic bacteria are eaten and 
assimilated by water invertebrates. 

(5) Methods were developed using C™ to study 
nutrition of water invertebrates by algae and 
bacteria which allow to determine quantitatively the 
amount of assimilated matter. Some data are 
obtained, using this technique, concerning feeding of 
the Daphniae and Tendipedide larvae with tagged 
bacteria and water plants. 
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Behaviour of Microquantities of Stron- 
tium, Caesium, Ruthenium, and Zir- 
conium in the Soil and in Plants 
According to the Data Obtained in the 
Studies with the Application of the 
Radioactive Isotopes of these Elements. 
V. M. Kuiecukovsky and I. V. GuLyakIN, 
U.S.S.R. 


Absorption and desorption of microquantities of 
caesium, strontium, ruthenium and zirconium in 
soils, their accumulation and distribution in plants 
were studied in experiments with the use of radio- 
active isotopes of these elements. 

The uptake of caesium and strontium by plants 
from the aqueous solutions is relatively more intensive 
as compared with that of ruthenium and zirconium, 
the accumulation of the latter being considerably 
lower. Moreover ruthenium and zirconium are 
mainly held up in the root system of the plant, 
while strontium and caesium penetrate mostly into 
the aboveground parts of the plant, accumulating in 
leaves and stems and, to a lesser degree, in the repro- 
ductive organs. The influence of the salt content of 
the solution and its reaction on the penetration of 
microquantities of the above-mentioned elements into 
the plants was studied. 

In the experiments with the foliar application of 
microquantities of the said elements, caesium showed 
the most marked capacity for passing from the 
treated leaves of the plant to its other parts and 


for being accumulated in its reproductive organs. 

The movementof the radioactive isotopes of caesium, 
strontium, ruthenium and zirconium from the soil 
into the plant is greatly influenced by the absorption 
and desorption processes of these elements in the soil. 
The laws governing the interaction of various types of 
soils with solutions containing microquantities of 
caesium, strontium and zirconium were studied. The 
effect of fertilizers, liming and other factors on the 
assimilation of these elements by the plants from the 
soil, was also investigated. It was established that the 
ion-exchange nature of strontium absorption in soil 
and its capacity for desorption is responsible for rela- 
tively more intense uptake by plant of radioactive 
strontium from the soil. Microquantities of caesium 
are, as a rule, fixed more strongly in soils, partly in 
non-exchangeable form, which accounts for con- 
siderably reduced caesium uptake from the soil. 

In the soil absorption and desorption processes of 
radioactive substances in soil represented by two 
genetically bound radioactive nuclides such as S% 
and Y®, or Z® and Nb*® the equilibrium ratio 
between mother and daughter isotopes is disturbed. 
The change in the ratio between mother S%° and 
daughter Y®® is also observed in the process of assimi- 
lation of Sr9° + Y®° by plants and particularly in 
their movement from one part of the plant to another. 
It has been shown that if S® is applied through the 
leaves, the daughter Y%° formed in the tissue of the 
leaf moves into the young and growing parts of the 
plant more rapidly than the mother strontium. A 
similar phenomenon was observed in experiments 
with grafted plants when microquantities of radio- 
strontium were administered through the roots of one 
of the components of the grafted plant (before 
grafting) and when subsequent movement of Sr9° + Y% 
was studied under such conditions. 
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Retention and Toxicity of Radio- 
Strontium in Monkeys. A. H. Warp, 
University College of Ghana. 


Experiments with Sr®° administered to monkeys 
from a colony of eighty animals are described. Single 
doses, ranging from 2 to 0-001 mc/kg bodyweight were 
given to animals in three experimental groups (‘high 
injection dose,’ ‘low injection dose,’ and ‘low oral 
dose’) distributed amongst three species. Relations 
between survival time and injection dose are discussed 
and the lethal dose for 30-500 days estimated at 0-70 
and 0-01 mc/kg bodyweight respectively, indicating a 
higher toxicity in monkeys than in any other animal 
yet reported. A marked species difference is seen in 
the toxicity of low injection doses. 

Excretion and retention of Sr®° (and Y%) are 
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discussed. Excretion is slower than from other 
animals, but varies strongly with injection dose. 
Long-term excretion and retention results depart from 
the logarithmic type of formula usual for short-term 
results, and a comparison with radium excretion and 
retention in man is given. Much greater percentage 
excretion follows oral administration, especially in 
faeces in the first few days, and a tentative comparison 


with strontium excretion from man is given. The’ 


well-known effect of diet calcium level on excretion 
was measured in monkeys. 

The surviving monkeys have been moved to 
A.E.R.E. Harwell and investigations are being con- 
tinued there, by a pathologist of the Medical Research 
Council. 
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Experiments on the Metabolism of Certain 
Fission Products in Dairy Cows. C. R. 
Com, L. J. B. F. Sansom, 
and HELEN M. Squire, Agricultural Research 
Council, Radio-biological Laboratory, Com- 
pton, nr. Newbury, Berks, U.K. 


Dairy cows have been fed with separated carrier 
free Sr89, and The amounts of 
these isotopes recovered from the milk, urine and 
faeces, and their rates of secretion and excretion, have 
been measured; estimates have also been made of the 
amounts retained in the body. Nineteen admini- 
strations of iodine have been made, tweive of stron- 
tium, five of tellurium and one of ruthenium. Wide 
variations in the amounts of [31 and Sr®® secreted into 
the milk have been observed. ‘These were partly due 
to the variations in milk yield. 

Similar experiments have been carried out with 
fission products coliected from trials of atomic 
weapons. There was no apparent difference between 
the metabolism of the fission products from the two 
sources. 
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Strontium and Calcium Metabolism in 
Humans Studied with Sr® and Ca‘’. 
Goran C. H. Bauer, Lund, Sweden. 


The purpose of the present study is to make a com- 
parison of the metabolism of Sr®° and Ca*’ by simul- 
taneous administration of these two isotopes to 
humans. 

Sr has a 65 day half-life, and has a pure y emission 
which permits surface counting over the body. This 
isotope is, therefore, well suited for investigations in 
man of problems related to strontium metabolism. 

Ca‘? is still difficult to obtain (no previous report on 
its use in man has been published) but will probably 
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become of importance as a tool for studies of calcium 
metabolism in man because of its short (4-6 days) half 
life and its y emission which permits body surface 
counting. 

In the present study y spectroscopy was used for 
simultaneous counting of the two isotopes. Analysis 
was made of the activity of blood, urine, and faeces 
(in addition to surface counting) of normal and patho- 
logical subjects. The activity data were analysed with 
an electronic analog computer. 

It was found ‘hat the excretory mechanisms clear 
the blood from strontium more efficiently than from 
calcium. The skeleton on the other hand apparently 
does not distinguish between the two elements. 

The computer-derived parameters of the kinetics 
within the exchangeable calcium (strontium) space 
will be discussed. The nature and the rates of the 
irreversible mechanisms which account for fixation of 
calcium and strontium in the skeleton will be 
tentatively defined. 
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Radioactive Tracer Investigations of the 
Adsorption of Serum Albumin on Glass 
Surfaces. G. W. and R. E. 
Department of Medical Physics and Depart- 
ment of Medicine, University of Leeds, U.K. 


The adsorption of protein layers at interfaces is a 
well known phenomenon. We have used a /-sensitive 
G-M counter of the liquid annulus type as a means 
of studying the adsorption of radioiodinated human 
serum albumin on the glass surfaces of the counter 
itself. Because of the relation between /-particle 
range and counter dimensions, the deposition of an 
adsorbed layer on the thin glass counter surface causes 
a rising counting rate, and the method provides a 
means of measuring not only the amount of protein 
adsorbed at equilibrium but also its rate of deposition. 

The process has been found to follow the Freund- 
lich adsorption isotherm over a 3000-fold range of 
protein concentration of albumin in distilled water. 
Preliminary studies have also been made of the depen- 
dence of the effect on the pH and on the ionic strength 
of buffered solutions of albumin. For a given buffer 
at a fixed pH the Freundlich isotherm was again 
followed though with constants characteristic of the 
buffering system. For a given buffer at a fixed protein 
concentration, it appeared that the magnitude of the 
effect varied with pH and showed a maximum at or 
near the isoelectric point. 

The significance of these findings is discussed parti- 
cularly in relation to quantitative measurements with 
protein solutions. It is suggested that the method or 
extensions of it may have further application in 
elucidating phenomena of protein adsorption. 
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Fast Sampling Techniques for Biokinetic 
Experiments with Radioisotopes.Uptake 
of Labelled Orthophosphate by Normal 
and Low-phosphorus Torulopsis Utilis 
Yeast. Jorma K. MretTINneNn, Biochemical 
Institute, Helsinki, Finland. 

Two techniques have been developed for biochemi- 
cal experiments of short duration and used in studies 
on P8?-uptake by yeast. In the first one a fast rotating 
automatic fraction collector (20 rev/min) is used for 
sampling. The reaction chamber is provided with a 
magnetic valve operated by impulses from contact 
surfaces corresponding to test tubes in the fraction 
collector. 1 ml samples are collected automatically 
after reaction times of 0-2, 0-6, 1, 2, and 3 sec, and 
manually, operating the valve by a foot switch, after 
longer reaction times. 

The second technique was developed for shorter 
reaction times. An apparatus consisting of three 
simultaneously operated injectors is used. The first 
injector contains the isotope solution, the second the 
cell suspension, and the third the killing agent (24 per 
cent trichloro-acetic acid [TCA] or 0-6 N NaOH + 
0-06 M NaCN, resulting in final concentrations of 
8 per cent, 0-2 N and 0-02 M, respectively. TCA is 
used for deproteinization also after cyanide killing). 

The contents from the first and second injectors are 
mixed in a 40 /] reaction chamber, the contents from 
the third injector again with this mixture in a killing 
chamber below the reaction chamber. Thus, when 
the injection is made in 0-1 sec, the reaction time is 
0-002 sec. 

The injection time is recorded by an impulse 
counter connected to two micro switches functioning 
at the start and end points of the injectors. 

TCA is removed by continuous ether extraction, 
and the residues are studied by two-dimensional paper 
chromatography and autoradiography. 

In normal yeast organic phosphorus derivatives 
become labelled only after 10 sec—1 min. 

In low-phosphorus yeast the process of phosphate 
uptake is much faster. Three organic phosphates 
become labelled in less than 0-01 sec, and after 0-1 sec 
about ten active spots are found. In | sec about 40 
per cent of the total activity is found in the phosphate 
fraction insoluble in cold 8 per cent TCA. 


147 


Simultaneous Recording of the Instan- 
taneous Counting Rates of P®? and [)3! 
in the Blood Stream of an Animal. 
A. C. Groom, P. W. Roserts, and S. Row- 
LANDS, Physics Department, St. Mary’s 
Hospital Medical School, London, W.2, U.K. 


Groom and Row .anps described a method of 


studying haemodynamics in animals by recording, 
continuously, the radioactivity in the blood circulating 
through a loop of plastic tubing inserted in series with 
the carotid artery. Alternate injections of erythro- 
cytes labelled with P?2 and albumin labelled with I}! 
were given to measure volumes, circulation times and 
cardiac output of both red cells and plasma (Groom, 
Morris and Row.anps). Since the state of the 
circulation is rarely steady it would obviously be an 
advantage if the injections of the two labelled sub- 
stances could be given together and their subsequent 
activities in the blood stream recorded simultaneously . 
This has been achieved as follows: The radioactivity 
is detected with a scintillation counter in which the 
arterial cannula is threaded through a hole in the 
phosphor, ensuring 47 collection of the radiation. 
The output pulses go to a kick-sorter which effects a 
partial separation into two channels of the pulses 
resulting from the two isotopes. Channel A carries the 
P®2 pulses plus a known fraction (k) of the I'*! pulses 
and channel B carries the I'*! pulses plus a different 
fraction (k’) of the P® pulses. 


ie. A=P+A4AI 
B=I1+kP 


Each channel feeds into its own separate ratemeter 
which gives an output voltage proportional to the 
channel counting rate and these outputs are then fed 
into a circuit which, in effect, solves the simultaneous 
equations. ‘B is subtracted from A and k’A from B 
giving outputs 

A —kB = P(1 — Kk’) 
and B —k’A =I1(1 — kk’) 


These outputs are then fed to the two pens of a twin 
channel high speed ink recorder which gives an 
instantaneous recording of the counting rate produced 
by each isotope without interference between the two. 


148 


The Use of Radioactive O! in the Deter- 
mination of Oxygen Tension in Malig- 
nant Neoplasms. TER-PoGossIANn, 
Ph.D., and Witiram E. Powers, M.D., 
Washington University School of Medicine, 
St. Louis, U.S.A. 


The determination of the relative oxygen tensions 
in normal and malignant tissues is of value in the 
evaluation of the role played by this factor in the 
radiation resistance of some relatively anoxic neo- 
plasms. Chemical and electrochemical methods for 
the determination of oxygen tension in tissues are 
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difficult to apply at the microscopic scale. It appears, 
therefore, that the use of a radioactive isotope of 
oxygen and autoradiography may be the method of 
choice for the determination of oxygen tension gra- 
dients in tissues. In this investigation, radioactive OY 
was used. This isotope decays with a half-life of 2-2 
min with the emission of 1-68 MeV positrons. O% 
was prepared by bombarding the air with cyclotron 
accelerated deuterons. The nuclear process involved 
was a deuteron-neutron reaction on N!4. The experi- 
mental arrangement consisted in a closed air circuit 
in which the air was circulated through the deuteron 
beam and through a chamber where experimental 
animals were exposed to the radioactive air. The 
procedure consisted in exposing tumor-bearing mice 
to radioactive air for approximately 20 min. After 
this period of time, the mice were rapidly sacrificed, 
and frozen sections of the tissues under study were 
placed on photographic film for autoradiography. 
Sections of the order of 200 w in thickness yielded 
adequate autoradiographs. 

The application of this method to other biological 
studies is discussed. 

149 
Quantitative Staining with Radioactive 

Indicators: I)*! in Gram Staining of 

Micro-organisms. D. SHuGaAR and J. 

BaraAnowska, Institute of Biochemistry and 

Biophysics, Academy of Sciences, and Dept. 

of Biochemistry, State Institute of Hygiene, 

Warsaw, Poland. 

The use of I}*!-labelled Lugol solution makes it 
possible to measure quantitatively the degree of gram 
staining of micro-organisms by ordinary end-window 
counting of stained smears. The procedure is suffi- 
ciently simple, rapid and reproducible to apply to 
studies on the variation of degree of gram positivity 
with age of culture and physiological state of the 
organisms, to evaluate quantitatively the various 
modifications of gram staining as well as the indivi- 
dual steps in the staining technique and, particularly, 
the decolorization step and the relative value of 
different decolorizers. ‘The procedure has also been 
applied to a study of the uptake and retention of 
iodine under various conditions by gram-positive and 
gram-negative organisms. It has been demonstrated 
that the staining reaction is quantitatively reversible 
and that the iodine in the Gram complex is reversibly 
bound in the ionic form, a result useful in examining 
the validity of a number of theories of gram staining 
and which is interpreted as further support for the 
permeability theory of the Gram reaction. Attempts 
are being made to synthesize C4- and S*-labelled 
dyes with a view to extending the potentialities of the 
above technique. The advantages to be gained from 
the use of labelled dyes and mordants in staining 


reactions on tissue sections and micro-organisms will 
also be discussed. 

150 
A New Method of Autoradiography for 

Investigating the Localization and Rate of 

Synthesis of Proteins and Nucleic Acids 

in Plants. Zu. A. Mepvepev, U.S.S.R. 

In this method we use, in place of ordinary leaves, 
their imprints on filter paper, obtained by using a high 
pressure hydraulic press. Drastic pressing of a plant 
leaf which is placed on multilayer filter paper results 
in destruction of leaf cells and squeezing of proto- 
plasm into the paper. In those places, where the 
plant leaf is thicker, a larger quantity of paper layers is 
impregnated. Each layer separately used for auto- 
radiography makes it possible to distinguish concentra- 
tion factors and isotope specific activity from the 
differences in surface activity because of different 
thickness of leaf sections. 

Besides obtaining imprints of general leaf proto- 
plasm, conditions of squeezing only the vacuole or 
plasm sap into filtering paper were specified. Thick 
filtering paper holds up plastides, thus creating 
conditions for separation of cell organoids. 

Each of these imprints may be differentiated by 
means of selective washing in different solutions for 
further autoradiography. Washing of imprints, for 
example, in a solution of trichloro-acetic acid leaves 
on them only radioactive proteins and nucleic acids. 

Imprints may also be obtained by using filtering 
paper impregnated with different precipitators. This 
makes it possible to bind up and determine localiza- 
tion of a wide range of radioactive compounds. Leaf 
imprints are also good for autoradiographic study of 
ferment effect in vitro. 

The method of autoradiography of leaves was used, 
in particular to study the localization of synthesis of 
proteins and nucleic acids in haricot plants fed through 
roots and leaves with compounds containing S*° and 
P®? tracers. It was found, besides the age differences in 
velocity of synthesis of these components, that the 
proteins of conducting system of plants possess the 
highest rate of synthesis, certain fraction of these 
proteins being apparently capable of passing through 
phloem without obligatory disintegration into amino 
acids. 

151 
Investigations on the Influence of Car- 
bon-14-labelled Dodecyidimethylbenzyl 
ammoniumbromide on Staphylococcus 
aureus and Escherichia coli: D. Jercuer 
and F. HorrMeisTErR, Universitat Mainz und 

Max-Planck-Institut fiir Medizinische For- 

schung, Heidelberg. 

The uptake of the cation-active substance dodecyl- 
dimethylbenzylammoniumbromide by Staph. aureus 
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and E. coli is investigated in detail. For the first men- 
tioned bacteria, which are Gram-positive, the limit 
of complete growth-check in the dilution experiment 
is 1: 640,000, for the Coli bacteria, which are Gram- 
negative this value is essentially lower, viz. 1: 32,000. 
Based on experiments with the carbon-14-labelled 
cation-active compound, we were able to prove 
that the two types of bacteria, which exhibit such a 
difference in activity are not distinguishable in respect 
to the amount of substance they can take up. The 
research was extended to the isolated Coli-membranes. 
By means of elution experiments, we investigated the 
strength of fixation of the cation-active substance. A 
contribution could also be made to the explanation of 
the release brought about by Tween 80. 
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Development of Drug Resistance in Bac- 
teria: Studies with and Labelled 
Compounds: Wacker, Technische 
Universitat, Berlin, Germany. 

Under comparable conditions sulphonamide-resis- 
tant bacteria take up more sulphanilamide-S*® than 
normal cells, but at the same time the drug is bound 
to a smaller extent within the cell. This difference in 
binding ability is also demonstrated in the displace- 
ment of p-aminobenzoic acid-[carboxyl-C]. In the 
sensitive bacterial cell sulphathiazole completely dis- 
places the f-aminobenzoic acid, whereas this is not 
the case in the resistant cell. 

With p-aminosalicylic acid-[carboxyl-C™] it was 
found that bacteria take up this compound and use it 
in place of p-aminobenzoic acid for the building of a 
folic acid compound. /-Aminosalicyclic acid-resistant 
cells do not shown an increased uptake of the drug. 
The same is true for salicalic acid, which like p- 
aminosalicyclic acid also competes with f-amino- 
benzoic acid in the bacterial cell. 

In aminopterin-inhibited bacteria the conversion of 
folic acid-[2-C™] to 5-fromyl-5,6,7,8-tetrahydrofolic 
acid is blocked. In aminopterin-resistant cells the folic 
acid can be formylated and hydrogenated in the 
presence of aminopterin. 

These results lead to the conclusion that in the 
resistant cells a change in the enzyme-substrate 
affinity has developed. 
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Contribution a l’etude biochimique des 
processus tumoraux; influence du 
thymus sur l’incorporation du phos- 
phore-32. C. I. Paruon, I. Potop, et D. 
NicoLescou-Zinca, Académie des Sciences, 
Roumamie. 
L’incorporation du P** dans divers tissus présente 


des variations suivant l’organe, avec maximum 
d’incorporation dans le foie. 

La présence des tumeurs sugmente la fixation du 
P®2 sous forme nucléoprotéidique, lipidique et 
acido-soluble dans le foie. 

Elle augmente également la fixation du P** total 
dans divers organes et dans le plasma, tout en 
diminuant la fixation dans les globules rouges. 

Dans la premiére phase de développement des 
tumeurs—sous_ l’action du  thymus—la vitesse 
d’incorporation du P®? dans les organes des rats 
porteurs de tumeurs augmente. 

L’influence de lysate de thymus montre une stimu- 
lation des échanges phosphorés dans le foie et les tissus. 

Quant a la fixation du P** sous différentes formes 
dans le tissu tumoral, il semble que la thymus inhibe 
le développement de ce tissu par Ja diminution de 
l’intensité du métabolisme phosphoré traduit par la 
diminution du PT. 

Dans le stade actuel de nos recherches, nous 
pouvens affirmer que le thymus influence la vitesse 
du renouvellement des diffrénts composés phos- 
phorés des tumeurs—mémes, ainsi que de l’organisme 
porteur de tumeurs—mettant ainsi en évidence son 
action sur le métabolisme phosphorique dans les 
cas normaux et dans les néoplasies. 
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Some Current Applications of C™ to 
Animal and Human Physiological Re- 
search: Studies with Tobacco and its 
Constituents: P. S. Larson, Medical 
College of Virginia and E. S. Hartow, 
American Tobacco Company Research Lab- 
oratory, Richmond, Virginia, U.S.A. 
Greenhouse preparation of randomly labelled plant 

materials through photosynthesis in an atmosphere 

containing CMO, is described together with examples 
of the use of the label in such studies as: (1) deter- 
mination of the compounds or classes of compounds 
present in tobacco that are precursors of particular 
smoke constituents; (2) determination of rate of 
absorption, tissue distribution and rate of elimination 
of tobacco smoke deposited in the respiratory 
passages of the dog, and, (3) delineation of some 
aspects of the metabolism of nicotine in the body. 
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Nature des produits provemant du méta- 
bolisme de lacide 3:5 : 3’-triiodo- 
thyroacétique marqué par Tliode-131. 
J. Rocne, R. Micuer, N. Er.ine, G. 
SALVATORE, A. TOMMASELLI, J. CLOsoNn, et 
O. MicHEL, Collége de France, Paris, France. 
Les produits provenant du métabolisme de l’acide 

3:5: 3’ triiodothyroacétique (T3A) ont été étudiés 
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par ¢lectrophorése et par chromatographie sur paper: 
(a) dans la bile, (b) dans l’urine des rats recevant 
0,1 d’acide marqué par 

Divers produits ont été identifiés, notamment, 
aprés administration simultanée de T3A radioactif 
et de S®O,Nag, un corps soufré et iodé qui est vraisem- 
blablement lester sulfurique du T3A. Ces résultats 
peuvent fournir des indioations sur les processus de 
détoxication dans le foie et le rein. 
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La glande thyroide se compose d’unités 
fonctionnelles ayant des constantes de 
-temps différentes. S. M. Mitcou et D. 

NicoLescou-ZincA, Academie des Sciences, 

Bucarest, Roumanie. 

(1) La glande thyroide se compose—du point de 
vue fonctionnel—d’unités ayant des constantes de 
temps différentes, de méme que—histologiquement— 
elle se compose d’unités morphologiques différentes. 

(2) L’existence de ces différentes unités fonction- 
nelles se trouve démontrée par notre analyse des 
courbes d’évolution de la radioactivité, prises simul- 
tanément aux divers niveaux, ainsi que par la 
théorie que nous exposons. 

(3) La fonction hormonale de la glande thyroide, 
telle que nous l’avons établie, explique les diverses 


irrégularités que relévent certains auteurs en ce qui 
concerne l’excrétion de hormone thyroidienne. 


157 


Contribution a l’étude du fonctionnement 
de la thyroide foetale chez le lapin. 
R. Courrier et L. Zizine, Collége de France, 
Paris, France. 


Certains auteurs ont démontré la fixation par la 
thyroide foetale de l’iode radioactif injecté a la mére, 
d’autres ont étudié la perméabilité du placenta aux 
hormones thyroidiennes marquées, d’autres ont 
rapporté l’action goitrigéne chez le foetus de certaines 
substances administrées a la mére, d’autres enfin ont 
apporté la preuve de synthéses hormonales au 
niveau de la thyroide foetale. Au cours de nos 
recherches, nous nous sommes attachés a étudier, chez 
le foetus, le taux de l’iode hormonal circulant. 
Nous avons utilisé, dans ce but, le rapport des 
radioactivités globulaire et plasmatique, aprés 
Vinjection rapport H/P—qui, comme 
nous l’avons montré dans diverses publications, 
permet du mesurer efficacement les substances 
hormonales élaborées par la thyroide. Dans une 
premiére série d’expériences, nous avons, aprés 
injection 4 des lapines gestantes, mesuré ce 
rapport chez la mére et le foetus. Dans une autre 
série du recherches, nous nous sommes livrés aux 


mémes déterminations aprés avoir pratiqué une 
thyroidectomie totale chez la mére. De |’ensemble 
de nos résultats, il découle que, d’une part, une 
dissociation fort nette existe entre le rapport H/P de 
la mére et celui du foetus et que, d’autre part, le 
rapport H/P du foetus n’est nullement influencé par 
ablation de la thyroide maternelle. 
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Influence de la castration sur la fonction 
de la glande thyroide, examinée par 
application de Viode radioactif M. 
Jovanovic et Dy. Dyurpjevic, Faculté vétéri- 
naire, Belgrade, Yougoslavie. 

On sait qu’aprés la castration le métabolisme basal 
diminue et sur ce fait est basée l’application pratique 
de la castration dans |’élevage. Cependant, on n’a 
pas encore expliqué si l’action des hormones des 
glandes sexuelles sur le métabolisme basal est 
directe ou indirecte par les autres glandes endocrines. 
En tenant compte du rdle de la thyroide sur le 
métabolisme basal de Jlorganisme, nous avons 
examiné son état fonctionel sur les animaux castrés, 
par l’application de l’iode radioactif. 

Les examens sont faits sur 18 rats castrés et 17 de 
contréle, des deux sexes, trois semaines, six semaines 
et trois mois aprés la castration. L’iode radioactif est 
injecté par voie intrapéritonéale et la fixation de 
Viode radioactif par la glande thyroide est examinée 
in vivo, 4 heures aprés l’injection. 

On a constaté que les thyroides des males castrés 
fixent: 3 semaines aprés la castration 3,75°,, de la dose 
d’iode injectée; aprés 6 semaines 8,45°,; aprés 
trois mois 10,9°,. Les thyroides des males contrélés 
fixent: aprés le premier examen 7,24°,; aprés le 
second examen 19,65°,; aprés le troisieme examen 
14,0%. 

Les thyroides des femelles castrées contenaient, de 
la dose d’iode injectée: 3 semaines aprés la cast- 
ration 4,12%; aprés 6 semaines 5,55°%; aprés 3 
mois 9,87°,. Dans les thyroides des femelles de 
contréle, on a trouvé, de l’iode radioactif: lors du 
premier examen 16,05°,; lors du deuxiéme examen 
16,97°%%; lors du troisieme examen 18,09°,. 

Les résultats de l’expérience montrent que chez 
les animaux castrés le pouvoir de fixation de l’iode par 
la thyroide diminue dans une trés grande mesure. 
Les thyroides des males et des femelles castrés fixent 
approximativement les mémes quantités d’iode mais, 
en comparaison avec les animaux de controle, la 
diminution du contenu d’iode radioactif est beaucoup 
plus grande chez les femelles castrées. Les différences 
entre les animaux castrés et ceux de contrdle sont plus 
grandes la troisiéme semaine suivant la castration, 
qu’aprés trois mois. 
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Studies on the Regulation of Red Cell 
Production Aided in Isotopes. J. H. 
Lawrence, D. C. Van Dyke, J. F. Garcia, 
and A. N. Conrtopoutos, University of 
California, Berkeley, U.S.A. 


Radioactive isotopes have provided important 
means for learning more about the nature of the 
physiological mechanisms by which the body 
maintains an adequate supply of red cells in the 
circulation. The fact that anoxia, such as that found 
in a high altitude environment or in certain types of 
heart or pulmonary disease, gives rise to a polycy- 
thaemia is well known. Under such conditions the life 
span of the red cells is normal, and the polycythaemia 
is maintained by an increased rate of red cells pro- 
duction. An experiment by REIssMANN in 1950 using 
parabiotic rats showed that when one parabiont was 
maintained in a low oxygen atmosphere and the other 
in a normal oxygen environment, the red cell pro- 
duction was stimulated in both animals, thus sugges- 
ting the existence of a humoral factor circulating in 
the blood which controlled red cell production. 

Since that time, many workers have reported the 
presence of an erythropoietically active substance in 
the plasma and urine of animals made anaemic by 
bleeding or phenylhydrazine. The active factor has 
not been isolated, and its source is not known. Its 
presence has been detected by assay of plasma or 
urine samples from the anaemic animals in recipient 
hypophysectomized or normal animals. Erythro- 
poietic activity has been measured by a variety of 
criteria, including increased red cell counts, haemo- 
globin concentration, and haematocrits, all of which 
are subject to possible error because of the possibility 
of haemoconcentration or haemodiluation, as well as 
reticulocytosis, increased incorporation of Fe®® by 
red cells, and increased red cell volume. The measure- 
ment of red cell volume is probably the most reliable 
method, but it is time consuming. We are now using 
Fe®® incorporation as a rapid screening assay, with 
periodic checks of results by measurement of red cell 
volume. 

The site of production of the erythropoietic factor— 
or factors, since there may be more than one—has not 
been established. We have found an erythropoietic 
factor in pituitary extracts which seems to be allied 
chemically to ACTH, but the biological and chemical 
evidence suggests the presence of a distinct erythro- 
poietic hormone. Other workers have reported that 
hypophysectomized animals made anaemic by 
bleeding can produce an erythropoietically active 
substance, but nephrectomized animals or animals 
which have been ureter-ligated cannot, thus sugges- 
ting the kidney as a site of production. Work is now 


in progress to determine whether nephrectomy 
blocks production of an erythropoietin directly by 
removal of the source or indirectly by toxic inhibition 
of production of the substance elsewhere. 

Plasma erythropoietins have also been found in 
patients with polycythaemic and certain types of 
anaemia. We have found that extracts of plasma 
from patients with polycythaemia vera and secondary 
polycythaemia will increase the red cell volume of 
hypophysectomized rats. Both native plasma and 
urine from patients with aplastic anaemia have also 
been shown to contain an erythropoietically active 
substance when assayed by the Fe®® incorporation 
method. Urine from the patient with aplastic 
anaemia whose plasma had showed the _ highest 
erythropoietic activity in one group of patients 
tested had sufficient activity to double the incor- 
poration of iron into haemoglobin in normal rats 
when given over a two-day period and to produce a 
significant increase in red cell volume in normal adult 
rats when given over a 14 day period. 
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Biochemistry of Leucocytes: Survival in 
Vitro, Phosphorus Metabolism and 
Phagocytosis. K. Zakrzewski, J. MALEC 
and W. BALasiEwicz, Institute of Haemato- 
logy, Warsaw, Poland. 


Leucocytes are the only mammalian cell the meta- 
bolism of which can be studied in a long term experi- 
ment without previous mechanical or enzymatic 
pretreatment. Such study has, hitherto, been ham- 
pered by the lack of a suitable method for their 
isolation and cultivation in vitro. 

In this paper a method is described for isolation and 
cultivation in vilro of a suspension of human normal 
circulatory leucocytes. The half-life of these cells has 
been found to be 36 hours. 

Phosphorus turnover was studied by adding P*? to 
nutrient medium (as inorganic phosphate). Phos- 
phorus incorporation into the ester phosphates of 
cytoplasm follows an apparent first order reaction 
(kapp = 250 cpm/mgP/h), reaching equilibrium with 
the medium after about 48 hours. Incorporation of 
phosphorus into ribonucleic acids follows an apparent 
first order reaction (k,,, = 8 cpm/mgP/h). Specific 
activity of RNA-P reaches 3-4 per cent of the specific 
activity of ester phosphates. No incorporation could 
be found in the desoxyribonucleic acid. 

Phagocytosis is one of the most important non- 
specific defences of mammalian body against invadirg 
micro-organisms. The new method just described for 
cultivation of circulatory leucocytes in vitro, makes 
possible a study of the biochemical mechanism 
underlying phagocytosis. 
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A suspension of heat-killed Staph. aureus has been 
added to a suspension of human leucocytes surviving 
in a nutrient medium containing Na,HP*O,. After 
incubation at 37°C, the cells were spun down, washed 
and homogenized in a sucrose solution. The nuclear 
fraction was purified by extraction with citric acid. 
Three fractions obtained, cytoplasmic, nuclear and 
“citric acid” were fractionated and phosphorus incor- 
poration into phosphate esters and ribonucleic acid 
determined. It was found, that phagocytosis increases 
cytoplasmic RNA-P turnover more than tenfold; no 
increase in the ester phosphates turnover could be 
detected. Also, no activation of either nuclear or 
“citric acid’? RNA was found. 
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Cytochemical Studies of Nuclear Meta- 
bolism in Biological Systems. A. R. 
GopaL-AYENGAR, Atomic Energy Establish- 
ment and Indian Cancer Research Centre, 
Bombay, India. 

(1) Incorporation of adenine-8-C! in the oocytes 
of the newt and the somatic chromosomes of Vicia 
faba. 

With the aid of tract autoradiography using an 
electron sensitive liquid emulsion it has been possible 
to follow the intracellular incorporation of a labelled 
precursor like adenine-8-C™ which is specific for 
nucleic acids. The incorporation was determined 
on the basis of topographical emission of ionising 
particles, in particular organelles of the cell. The 
balance of evidence points to the fact that in oocytes of 
the newt, the nucleolus incorporates adenine with 
marked rapidity in the RNA. However the fact that 
there is a high specific radioactivity in the nucleolus 
does not necessarily imply that the site of synthesis of 
RNA is centred in this organelle. For, in the actively 
dividing meristematic cells of Vicia faba there is a 
preferential uptake of the labelled adenine in the 
heterochromatic and nucleolar organising (SAT) 
regions of the long chromosomes. From this it would 
appear that the nucleoli act as a reservoir of RNA 
and that actual synthesis supervenes in the hetero- 
chromatic regions and SAT-loci of particular chromo- 
somes. 

(2) Chromosome synthesis and duplication in 
somatic chromosomes of Vicia faba and Luzula 
purpurea using thymidine-2-C". 

In an attempt to understand the mechanics of 
chromosomes replication, cytologists have made many 
assumptions, the validity of which has not been tested 
on cytochemical ground until very recently. Although 
it has been known for long that during mitosis there 
is a doubling of chromosomes followed by an equi- 
partition of chromosomal substance between the two 
daughter nuclei, no decisive technique has demon- 


strated so far whether the original chromosome pro- 
duces by a self-duplicating process a replica of itself 
from available new material o1 whether the original 
chromosomal substance is equally distributed between 
the daughter nuclei. 

However, with the availability of specific precursors 
(like thymidine-2-C!) of DNA and refinements in 
autoradiographic techniques it is now possible to 
selectively label particular components of chromo- 
somes and follow the fate of the tagged atoms in 
successive mitotic cycles. Evidence is presented in 
support of the concept of a template process operating 
in chromosome synthesis and duplication. 
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Role of Vitamin B,, in Nucleic Acid Meta- 
bolism. B. S. ScHweicert, F. A. NAypEr, 
O. F. Batzer, and A. J. StepLer, American 
Meat Institute Foundation and Department of 
Biochemistry, University of Chicago, U.S.A. 


The vital role of vitamin B,, in the nutrition of man 
and other animals and certain micro-organisms has 
been established for several years. While considerable 
progress has been made in elucidating the biochemical 
role of this vitamin, no specific enzyme system in 
which vitamin B,, functions as a co-factor has as yet 
been clearly defined. 

In the present work, the role of vitamin B,, in the 
metabolism of nucleic acids by the rat and Lactobacillus 
leichmannii has been studied. 

Vitamin B,, has been shown to be required for 
deoxyribose synthesis by L. leichmannii based on meta- 
bolism studies with C! labelled thymidine. The 
conversion of Cl4 labelled cytidine to deoxyribosides 
by vitamin B,, deficient and supplemented rats is also 
being investigated. 

Certain purine bases plus a deoxynucleoside have 
been shown to be required to replace vitamin B,, for 
L. leichmannii. Guanine was the most active purine 
tested. 

In studies with Lactobacillus acidophilus (which 
requires a deoxyriboside not replaceable by vitamin 
B,.) the requirement for various nucleic acid deriva- 
tives has been demonstrated. The addition of certain 
ribonucleotides appears to inhibit the utilization of 
deoxynucleotides by this organism. 
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Etude du métabolisme des acides nuc- 
leiques de Jlépithelioma atypique du 
rat par Jlincorporation du Y. 
KuovuvinE, Institut de Biologie Physico- 
chimique, Paris, France. 

Cette étude a été faite in vivo et in vitro. 
In vivo: lorsque la tumeur est bien développée, on 
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fait une injection intra-péritonéale de 80 wC de 
P82 et on mesure l’activité spécifique des acides 
désoxy (ADN) et ribonucléique (ARN), et de leurs 
nucléotides, pour chacune des particules cellulaires. 
On a fait également une étude cinétique de l’incor- 
poration du P*? dans les acides nucléiques. 

Si on mesure l’activité des acides du foie de rat 
porteur de tumeur, on observe qu’elle est plus grande 
que celle du foie normal. Cette augmentation est liée 
a l’augmentation du nombre des mitoses, plus nom- 
breuses dans le foie de Il’héte que dans le foie normal. 
On constate aussi que l’activité des acides du foie 
augmente pendant la régénération hémopoiétique en 
méme temps que le nombre des mitoses du foie, alors 
qu’elle ne change pas, et que les mitoses n’augmentent 
pas, dans les parties saines d’un foie hépatomateux. 
Dans les hépatomes au jaune de beurre, contrairement 
a ce qui se passe dans les autres tumeurs, l’activité de 
lADN croit plus vite que celle des ARN. 

In vitro: Nous avons étudié l’incorporation du P®? 
dans l’homogénat et dans les fractions cellulaires du 
tissu cancéreux vivantde |’épithélioma atypique durat 
et nous avons essayé de relier cette incorporation aux 
phénoménes producteurs d’énergie. Comme dans les 
expériences in vivo, les ARN sont plus actifs que les 
ADN, les ARN des noyaux sont les plus actifs, mais 
les ARN des microsomes incorporent peu de P??, Nos 
résultats d’incorporation rapportés aux phénoménes 
producteurs d’énergie sont difficiles a interpréter 
selon les schémas classiques de la respiration et de la 
glycolyse. 
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Autoradiographic Investigations of Pro- 
tein Metabolism of the Central Nervous 
System in the Rabbit and the Rat. 
W. and B. Scuuttze, University of 
Cologne, Germany. 


In an earlier autoradiographic investigation of the 
protein metabolism of various cells of the whole 
organism (rabbit and rat) after feeding of methionine- 
[1-S*°] (NrkLas and OEHLERT) it was shown that all 
cells can be classified into four groups according to the 
amount of their protein metabolism. To the first group 
with the greatest amount of protein metabolism 
belong besides the protein-secreting glands the epi- 
thelial cells of the reticulo-endothelial system and of 
the adrenal cortex and strikingly also the ganglionic 
cells of the central nervous system, as well as of the 
vegetative system. A second group had an amount of 
protein metabolism smaller by a factor of 3, to which 
belong the epithelial cells of the liver and the kidney 
along with the cells which grow and reproduce 
rapidly. The amount of protein metabolism in 
muscle, connecting, and supporting tissue was 
approximately 50 times smaller (fourth group). 


Further it was found that the autoradiographically 
determined amount of protein metabolism of various 
cells in the organism runs parallel to their content in 
ribonucleic acid determined elsewhere (CASPERSSON 
and BRACHET). 

The surprisingly large protein turnover in the 
ganglionic cells gave inducement for a more detailed 
autoradiographic investigation of the protein meta- 
bolism of the central nervous system of the rabbit. 
The results allow an opinion to be formed on the 
following questions: 

(1) Do differences exist in the amount of protein 
turnover between the ganglionic cells of certain 
cortical and nuclear regions of the brain? Question of 
a relationship between function and protein meta- 
bolism of ganglionic cells? 

(2) To what extent is there a parallel relationship 
between the amount of protein turnover and the 
sensitivity to oxygen-deficiency of certain ganglionic 
cells found in other experiments ? 

(3) Distribution of ribonucleic acid and amount of 
protein metabolism within single ganglionic cells? 

It will be proven in detail that the local density of 
the silver grain of autoradiograms can be taken as a 
direct measure for the amount of local protein 
metabolism. 
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A Study of Certain Biochemical Systems 
Involving ‘“‘Single-Carbon” Transfers in 
Relation to Folic Acid. A. SREENIVASAN, 
University of Bombay, India. 


Carbon dioxide, acetate and formate are undoubt- 
edly the most important among the small molecules 
participating as precursors of biosynthetic pathways 
in cellular physiology. Of these, formate occupies a 
strategic position because it is metabolically derived 
foremost from the «-carbon of glycine and, therefore, 
the f-carbon of serine and could thus be a source of 
carbon dioxide and acetate as well. The primary 
mechanism controlling the formate pool is glycine- 
serine interconversion wherein, under normal physio- 
logical conditions, serine synthesis precedes glycine 
formation. 

While acetate activation involves pantothenic acid 
as CoA and carbon dioxide fixation reactions are 
apparently mediated by biotin, there is much recent 
work to indicate that compounds of the folic acid 
group are probably concerned as co-factors in reac- 
tions involving transfer of a l-carbon formyl or 
hydroxymethy] unit. 

The foregoing and related aspects are discussed and 
the scope of future work pointed out in the light of 
experimental observations on: 

(A) l-carbon addition reactions in the conversion 
of (i) pteroyl glutamic acid to citrovorum factor 
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activity by cells of Lactobacillus arabinosus; (ii) uracil 
to thymine by cells of Bacillus subtilis; (i11) 4-amino 
5-imidasole carboxamide to hypoxanthine by cells 
of Bacherichia coli; (iv) glycine to serine by liver 
enzymes; and (v) ethanolamine, successively, to 
monomethyl ethanolamine, dimethyl ethanolamine 
and choline by liver enzymes; and 

(B) the influence of folic acid on (i) glycine-serine 
interconversion; (ii) serine decarboxylation; (iii) 
biosynthesis and oxidative degradation of the labile 
methyl groups of choline and methionine; and (iv) 
the transmethylation systems involving glycocyanine 
and nicotinamide. 
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The Use of Radio-isotopes in the Study of 
Protein, Nucleic Acid and Glycogen 
Metabolism in the Brain and the Peri- 
pheral Nerves. A. V. PALLApin, Ukrainian 
Academy of Sciences, Kiev, U.S.S.R. 


A comparative study of protein metabolism in the 
brain and in the peripheral nerves by investigating the 
speed with which the amino-acid of methionine that 
contains a radioisotope of sulphur (S*°) enters their 
proteins, made it possible to establish that the rate of 
metabolism of the nerve proteins is much lower than 
that of the proteins of the brain (its white and especi- 
ally its grey matter). Moreover we found that in the 
nerve there are both fast metabolic protein substances 
and slow metabolic types. Different protein fractions 
of the nerve that are extracted from it by means of 
various solvents undergo metabolism more slowly 
than the corresponding protein fractions of the white, 
and especially the grey matter of the big hemispheres. 
This is an indication of the different protein composi- 
tion of the nerve and the brain, and also of the fact 
that functionally the different divisions of the nervous 
system differ not only in the quantity of proteins but 
also in their composition and the rate of metabolism. 

Both in the tissue of the brain and in the nerve, the 
quantity of proteins that undergo fast metabolism is 
less than that undergoing slow metabolism. 

Using a radioisotope of phosphorus (P) it was 
possible to establish that the metabolism of nucleic 
acids, as well as phosphoproteins and phospholipids, 
proceeds most intensively in the cortex which phylo- 
genetically is the youngest and functionally the most 
complex structure. 

The use of a radioisotope of phosphorus in the 
study of the metabolism of nucleoproteins showed that 
there exist clear-cut differences in the metabolism of 
the nucleoproteins as well as in their composition in 
functionally and structurally different parts of the 
central nervous system. 

Investigations further showed that the metaboli- 
zability of ribonucleic acid of the cortex cell nuclei 


is greater than that observed for a whole tissue. This is 
an indication of the high metabolic activity of nuclear 
ribonucleic acid and, apparently, of its important 
functional role in the metabolism of nerve cells. 

The application of the radioisotope of carbon(C!*) 
made it possible to establish the fact that of the dif- 
ferent fractions of glycogen found in the brain, free 
glycogen possesses the greatest intensity of metabolism 
in comparison with the glycogen connected with 
proteins and with lipoids. The metabolism intensity of 
different fractions of glycogen varies with the different 
functional state of the nervous system (excitation, 
inhibition). 
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Peculiarities of the Brain Glycogen Meta- 
bolism under Various Functional States. 
M. I. ProkHorova and Z. N. Tupikova, 
Leningrad University, U.S.S.R. 

The subject cf the present investigation is the study 
of the rate of glycogen renewal under various 
functional states. C14-labelled glucose obtained by 
photosynthesis was used as a radioactive indicator. 
Quantitative studies were carried out concerning 
content and specific activity of brain glucose and 
glycogen in rats under normal conditions, in a state of 
intensified excitement, in a state of hypoxia or 
narcotic sleep. 

The results of investigation have shown a high 
intensity of brain glycogen metabolism. The rate of 
brain glycogen renewal exceeds 50-100 times that of 
carbon renewal of lipids, cholesterol and general 
carbon of brain tissue. Moreover it appeared that the 
intensity of glucose into glycogen in the large hemi- 
spheres of the brain is higher than in cerebellum, 
liver and muscle. 

Glycogen of cerebellum, as far as its specific activity 
is concerned, is quite similar to that of the brain, 
whereas the specific activity of muscle glycogen is 
several times lower. The value of specific activity and 
relative specific activity of liver glycogen depends di- 
rectly on the quantitative content of glycogen in the 
organ. If glycogencontent is 2—2-5 per cent, its relative 
specific activity makes up 16 per cent whereas with 
glycogen content amounting to 0-2-0-3 per cent the 
relative specific activity is as high as 68 per cent. 

The intensity of brain glycogen metabolism is 
closely connected with functional state. In the case of 
intensified excitation the level of glycogen metabolism 
is much higher, with the predominance of dissimilation 
processes, which leads to the exhaustion of energy 
resources of the nerve cell. 

During narcotic sleep as well as in the state of 
hypoxia the rate of brain glycogen renewal is consider- 
ably lower. Consequently, the increase in brain gly- 
cogen content, usually observed during narcotic 
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sleep, is a result of inhibitory processes of glycogen 
disintegration and not of intensification of its 
synthesis. 

A low level of nerve cell metabolism is characteris- 
tic of a narcotic state. This seems to be a manifesta- 
tion of the protective role of the inhibitory process. 
However, since normal functional state of the brain 
is characterized by high energy expenditures long 
application of narcotics cannot be harmless for the 
central nervous system. 
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The Renewal of Aminoacids in the Brain 
Proteins. G. E. Vuaprimrrov, U.S.S.R. 
Academy of Sciences and Kirov Academy of 
Military Medicine, Moscow, U.S.S.R. 

The investigation was carried out on the renewal 
of aminoacids in the brain proteins of rats with the 
application of glycine and thyrosine, labelled by a 
radioactive carbon isotope (C!*), and methionine 
labelled by sulphur (S*°). As the experiments with 
alkaline treatment of proteins, or treatment by formic 
acid with peroxide or by ninhydrine have shown it is 
possible by this method to determine the real incor- 
poration of aminoacids but not their adsorption on 
proteins. Particularly convenient is the application of 
tagged thyrosine since it provides the possibility to 
determine the total quantity of its activity both in 
proteins and in non-protein fraction of the brain. 
These investigations allowed to determine the average 
lifetime of the brain proteins. Glycine treatment is 
less advantageous for this purpose since the glycine 
carbon mostly passes into other amino-acids par- 
ticularly into serine asparaginic acid, glutaminic 
acid, and some other acids. Methionine is still less 
applicable for this purpose. 

The renewal rate of protein aminoacids of water, 
salt and alkali extractions and the residue is not the 
same, but the renewal process in all of these fractions 
is detected sufficiently well. Various parts of the 
central nerve system (the cortex of large brain hemi- 
spheres, cerebellum, middle brain, spinal cord) differ 
from each other in respect of the penetration rate into 
them of tagged aminoacids as well as in respect of 
their incorporation into proteins. 

The functional state of the central nervous system 
(excitement, narcotic sleep, hypothermia) affects the 
rate of aminoacid exchange in the brain. Exceedingly 
sharp decrease in aminoacid exchange was found at 
hypothermia of the animal. Thus at 20° the rate of 
thyrosine incorporation into brain proteins decreases 
15 to 20 times compared to normal velocity. 

The data presented are significant when considering 
the ties existing between different processes of meta- 
bolism (energy and plastic) and functional activity of 
the nerve tissue. 
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Studies on the Function of Vitamin A in 
Metabolism, by the use of Radioactive 
Metabolic Intermediates. G. Wo tr, S. R. 
Wacte, M. D. Lang, and B. C. JoHnson, 
University of Illinois, Urbana, U.S.A. 

In order to obtain a clue to the biochemical 
function of vitamin A in metabolism, the level of 
incorporation of radioactivity from injected radio- 
active metabolic precursors into products was com- 
pared in vitamin-A deficient and pair-fed, normal 
control rats. 

No differences were observable, after injecting 
acetate-1-C™, in the radioactivity in expired 
aspartic acid, alanine, liver protein, fatty acids and 
cholesterol in vitamin A-deficient and normal rats. 
Large differences were found in the incorporation of 
radioactivity from labelled acetate, glycerol and 
lactate into glycogen, though not from labelled 
glucose. It was concluded that vitamin A deficiency 
blocks a reaction in glucose biosynthesis between 
triose and hexose. Since no such block could be 
detected with in vitro systems, it was concluded that 
the block was probably hormonal. It was subsequently 
found that cortisone administration relieved the block 
in glucose synthesis in the intact, vitamin A- 
deficient rat. In adrenalectomised vitamin A-deficient 
rats, cortisone could, and vitamin A could not, restore 
glucose synthesis to normal. Vitamin A-deficient, 
adrenalectomised weanling rats were put on either 
vitamin A or cortisone treatment for one month. 
Those receiving vitamin A showed no symptoms 
except impairment of glucose synthesis. Those re- 
ceiving cortisone but no vitamin A, showed all 
symptoms of vitamin deficiency, but produced glucose 
normally. It was concluded that vitamin A deficiency 
destroys the ability of the adrenal cortex to produce 


glucocorticoid hormones, a conclusion confirmed by. 


the use of the adrenocorticotropic hormone in adrena- 
lectomised, vitamin A-deficient rats. In a time-study 
it was demonstrated that impairment of glucose 
biosynthesis occurs about 2 weeks after feeding the 
vitamin A deficient diet, but histologically it was 
shown that those cells of the adrenal cortex surmised 
to secrete the glucocorticoid hormones, are damaged 
even earlier. 
169 
Etude de la function phagocytaire et méta- 
bolique du systéme réticulo-endothélial 
a Vaide d’un complexe protéinique 
marqué a l’iode-131. B. N. HALPERN, G 
Biozz1, et C. StirFEL, Hopital Broussais, Paris, 
France. 
Par l’emploi d’une sérum albumine dénaturée par 
le chauffage et marquée a (C.A. il a été 
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possible de mesurer I’activité phagocytaire du S.R.E. 
chez les diverses espéces animales. Les résultats 
cbtenus avec ce composé confirment ceux antérieure- 
ment acquis avec des substratums inorganiques et 
indiquent que la vitesse de la phagocytose suit une 
fonction exponentielle de la concentration sanguine 
par rapport au temps et que la valeur de l’index 
phagocytaire K est inversément proportionelle a 
la quantité de produit injectée (K x D = cte). 

Au-dessous d’une certaine dose critique du colloide, 
la relation K x D =cte ne se vérifie pas et la 
vitesse de l’épuration dépend uniquement de la 
quantité de sang qui traverse le territoire hépato- 
splénique. La constante K,, calculée d’aprés les 
logarithmes népériens, mesure la fraction de la masse 
sanguine qui traverse le foie dans l’unité de temps. 

En appliquant cette méthode pour le C.A. [*}, 
nous avons pu mesurer le flux hépatique chez les 
diverses espéces animales. 

A laide du C.A. I)*!, préparé a partir de la sérum 
albumine humaine, ]’index phagocytaire du S.R.E. a 
été évalué chez homme. 

En utilisant une dose de ce substratum inférieure a 
la dose critique, nous avons évalué le flux hépatique 
chez un groupe d’>hommes normaux et chez un groupe 
de sujets atteints de cirrhose. Chez ces derniers, le 
flux hépatique est considérablement diminué. 

Par la mesure échelonnée de la_ radioactivité 
du foie, chez les animaux ayant regu une dose 
appropriée du C.A. [81 il a été possible d’évaluer 
l’activité métabolique de ses cellules. En mesurant la 
vitesse initiale d’élimination de la radioactivité du 
foie, pour diverses doses de C.A. I!*!, on constate que 
la cinétique de transformation du C.A. I}*! suit la 
loi de Michaelis Menten, relative aux réactions 
enzymatiques. 

La dépression de la fonction phagocytaire, par 
linjection d’une suspension de carbone, inhibe 
également la fonction métabolique du S.R.E. La 
stimulation de la fonction phagocytaire par l’injection 
de diéthylstilboestrol s’accompagne d’une stimulation 
de l’activité métabolique. 
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Recherches cinetiques sur la meiose, la 
fécondation et la segmentation de 
loeuf au moyen du_ soufre-35. R. 
MoricarpD, S. V. Huynu, et J. 
BELAiscH, Hopital Broca, Paris, France. 


Les phénoménes de la méiose de la fécondation et de 
la segmentation de l’oeuf de Mammiféres, sont étudiés 
au moyen du S*, introduit sous forme de sulfate de 
soude, de méthionine et de cystine. On a surtout 
utilisé la Lapine. 

Dans l’ovaire, il existe une concentration parti- 
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culiére de S** entre les cellules périovocytaires et la 
membrane pellucide de l’ovocyte lors de la ter- 
minaison de la premiére mitose de maturation 
déclenchée par le coit ou l’injection de gonadotro- 
phine; cette concentration n’existe pas si le S*® est 
introduit sous forme de méthionine ou de cystine. 

Dans la trompe, au moment de la fécondation, il 
existe une concentration maximum de la secrétion 
tubaire en corps soufrés. Aprés disparition des 
cellules folliculaires autour de l’oeuf, la membrane 
pellucide concentre une quantité importante de S*, 
que celui-ci soit injecté sous forme de sulfate ou sous 
forme de cystine. La gangue albumineuse autour de 
loeuf en segmentation, ne parait pas concentrer, 
d’une facon importante, le $*°, si celui-ci est injecté 
sous forme de sulfate, mais en concentre davantage 
s'il est injecté sous forme de cystine. 

Les spermatozoides vivants sont capables de fixer 
du S* in vitro, pour atteindre la trompe ow a lieu la 
fécondation, ils traversent d’abord les sécrétions 
cervicales, utérines et tubaires ot: le métabolisme du 
$%5, trés intense, est modifié par l’action des hormones 
ovariennes (oestradiol progestérone). La briéveté du 
temps qui s’écoule entre l’injection du S*® et les 
observations rapportées, montre l’extréme rapidité 
des métabolismes de substances soufrées accom- 
pagnant la méiose, la fécondation et la segmentation 
de l’oeuf. 
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The Turnover Rates of Labile Phosphate 
Compounds in Skeletal and Heart Muscle 
During Activity and Rest, Investigated 
with the Use of Radiophosphorus and 
Paper Chromatography. A. FLECKENSTEIN 
and J. JANKE, Universitat Freiburg i. Br., 
Germany. 


P®-labelled extracellular orthophosphate is incor- 
porated into the organophosphates of living muscle 
according to their relative turnover-rates. Experi- 
ments were carried out on isolated frog muscles as 
well as on skeletal and heart muscle of cats and rats 
in situ. To determine the radioactivity taken up 
by the different P-compounds muscle tissue was 
dipped in liquid nitrogen and ground in an ice-cold 
mortar. Then a trichloracetic acid extract from the 
frozen muscle powder was spotted on filter paper. 
Paper chromatography was carried out using 4 
different solvents in a two-way two-dimensional 
technique, followed by chemical determination and 
radioactivity measurements of the separated P- 
fractions. Similarly the specific activities of each of 
the 3 phosphate groups of ATP could be obtained 
after partial hydrolysis of ATP. 

In isolated resting frog muscles P®2 was always 
taken up into the terminal phosphate group (P’ 
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of ATP with the greatest speed, the relative turnover 
rates being as follows: 


: Pp? : PY : Creatine-P 
= {8 =: 988 : 100 70:2 
(40-3) (+2:7) (42:2) 


Skeletal muscles in situ of rats and cats behaved 
similarly, whereas in heart muscle no great difference 
was found between the specific activities of ATP-P’ 
and ATP-P®. In resting frog muscle the absolute 
rate of P®?-incorporation into ATP and creatine-P 
was found to be depending on the rate of oxygen 
consumption. Thus in resting muscle P®?-uptake 
together with oxygen consumption is accelerated by 
a factor of 30 if temperature rises from 0°C to 30°C. 
In contrast to this powerful effect of temperature no 
influence of electrical stimulation was detectable. 
Therefore in active muscle no rigid coupling seems 
to exist between oxygen consumption and_phos- 
phorylation. 
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The Use of Radiophosphorus in the Study 
of Phosphorus Metabolism of Red Blood 
Cells. E. Greriacu, Universitat Freiburg i. 
Br., Germany. 


Washed erythrocytes, suspended at 37°C in an 
oxygenated phosphate and __— glucose-containing 
Locke-solution, were incubated with P*? and different 
metabolic inhibitors. Separation and determination 
of phosphate-compounds from pigeon erythrocytes 
(ATP, ADP, AMP; guanosinetriphosphate = GTP, 
guanosinediphosphate =GDP; phytic acid; ortho- 
phosphate) and human red blood cells (ATP, 
ADP, AMP; 1-6-fructosediphosphate, triosephos- 
phate: 2,3-diphosphoglyceric acid; orthophosphate) 
were done by means of paper chromatography The 
P®?_incorporation into all the P-compounds mentioned 
as well as radiophosphorus-exchange with the single 
P-atoms (P*%, P’, and P”) of ATP and GTP were 
measured. 

In unpoisoned human and avian erythrocytes the 
turnover-rates of both terminal P-atoms of ATP are 
nearly identical, about 1/1200 of ATP-phosphorus 
being incorporated from the extra-cellular medium 
per minute. Among all P-compounds the P? and P’ 
of ATP always show the highest specific activities 
during 5-60 min incubation. 

Concentration-changes in energy-rich phosphates 
(ATP, GTP) after application of special metabolic 
inhibitors are always accompanied by a strong 
reduction of radiophosphorus incorporation. While 
e.g. 2,4-dinitrophenol and cyanide have a very pro- 
nounced effect on phosphorylation in pigeon red 
cells, these substances are ineffective in human 
erythrocytes. In contrast iodoacetate affects only the 


phosphorylating mechanism in human, but not in 
pigeon erythrocytes. 

From our investigations on normal and poisoned 
erythrocytes it is clear that many interesting details of 
phosphorus metabolisms in these cells can only be 
revealed by combining the use of radiosphosphorus 
with the appplication of chromatographic methods. 
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Etude des voies générales du métabolisme 
calcique chez ’homme. G. MILHAuD et 
J. P. Ausert, Institut Pasteur, Paris, France. 


L’injection de calcium-45 en quantité traceur et la 
détermination de I’activité spécifique du calcium 
sanguin, urinaire et fécal permettent de déterminer 
chez l"homme normal: 

(1) Le taux de l’excrétion urinaire et fécale du 
calcium. 

(2) La quantité de calcium rapidement en équilibre 
avec le calcium sanguin, c.a d. le calcium circulant. 

(3) La vitesse de fixation sur l’os. 

Cette méthode permet de déterminer les valeurs de 
ces différentes constantes chez le sujet normal et de 
constater d’importantes variations dans les cas 
pathologiques (maladie de Paget, ostéoporose, etc.). 
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Differential Removal of Calcium-40 and 
Calcium-45 from Bone as Influenced by 
the Parathyroids and by Citric Acid. 
R. V. and J. R. Depart- 
ment of Biology. Rice Institute, Houston, 
Texas. 


The ability of bone to supply calcium to the 
extracellular fluid compartments has been studied 
by the technique of continuous peritoneal lavage in 
male albino rats. Radiocalcium (Ca*) was adminis- 
tered either 18 hr or 2-3 weeks prior to the start 
of the lavage. The lavage fluid consisted of a 0-84 
per cent NaCl solution containing 1:5 per cent 
glucose. Citric acid to a concentration of 0-015 per 
cent was added in some experiments. Fluid was added 
to and withdrawn from the cavity through an in- 
dwelling glass inguinal catheter, while the animals 
were maintained under light nembutal anaesthesia. 

The removal of radiocalcium when injected 
within twenty-four hours of the start of the lavage, 
was not affected either by parathyroidectomy or the 
addition of citric acid to the peritoneal rinse, despite 
the marked changes produced in the total calcium 
removed by these two experimental techniques. If 
the radiocalcium was injected more than two weeks 
prior to the lavage, both radiocalcium and _ total 
calcium varied together. These experiments are 
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interpreted to show that the bone supplies calcium 
to the extracellular fluid by two mechanisms: 
one, which is not affected either by the parathyroid 
hormone or by exogenous citric acid, is a_ basic 
phenomenon of equilibration between the extra- 
cellular fluid and those portions of the bone with 
which it is in close contact. The other is a mechanism 
apparently controlled by the parathyroid and 
influenced by exogenous citric acid and is concerned 
with the removal of calcium from areas not in ready 
contact with the extracellular fluid spaces, and which 
adds calcium to the extracellular fluid in concen- 
trations above the solubility of the apatite crystals of 
bone. These experiments are suggested to show 
further the close relationship of parathyroid hormone, 
citric acid, and calcium metabolism. 
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Discrimination between Strontium and 
Calcium in Plants and Soils. R. P. 
Martin, P. and R. S. 
University of Oxford, U.K. 


The absorption and distribution of strontium and 
calcium in barley plants has been studied. The 
distribution of strontium is similar to that of calcium 
but it moves more slowly. The observed ratio 
(i.e. internal Sr/Ca divided by external Sr/Ca) is 
close to | but the values for leaves, which usually 
contain the major part of the strontium and calcium 
in herbaceous plants, are normally somewhat lower 
than those for roots. The stems however show 
significantly higher values than other tissues. It is 
concluded that although discrimination occurs 
between the two ions within plants it is unimportant 
from the viewpoint of their movement through food 
chains. 

The physical characteristics of the labile calcium 
in soils have been studied by isotopic exchange; 
rapid and slow exhange reactions have been distin- 
guished. The equilibration of carrier-free Sr®*® and 
Ca** with labile soil calcium is complex; strontium is 
more firmly retained than calcium. This differential 
behaviour may increase progessively for periods of at 
least 70 days. Marked differences occur between soil 
types and no procedure for extracting strontium and 
calcium from soils appears adequate to give a valid 
representation of the relative availability of the two 
ions to plants. 

The application of lime increases the labile calcium 
in soils which is accessible to barley or cabbage. 
The ratio of Sr89/Ca? absorbed is not correspondingly 
depressed and in some soils it may be unaffected. 
These results are compatible with observations that 
added lime may have little effect on the absorption 
of Sr8° from some types of soil. 
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Strontium-calcium Metabolism in Man 
and Animals as Studied by Radioisotope 
Methods. C. L. Comar and R. H. WassErR- 
MAN, Medical Division, Oak Ridge Institute of 
Nuclear Studies, U.S.A. 

The need for information on the comparative 
metabolism of strontium and calcium has led to 
development of physical and physiological procedures 
based on double tracer techniques that are of 
general interest. 

Radiochemical and other methods have permitted 
the simultaneous estimation of various combinations 
of the following isotopes: Sr8%, Sr®, Sr85, Ca, Ca?®. 
The studies have been done on man, rats, rabbits, and 
goats. The physiological techniques have included 
single dosage, ingestion with meals over extended 
periods, comparative clearance studies, and isolation 
of individual processes by nephrectomy or short-term 
collections of bile and intestinal contents. 

In addition to determination of the over-all 
quantitative behaviour of strontium and calcium, 
the contributions of the following processes to the 
total discrimination have been estimated: absorp- 
tion from the gastrointestinal tract, urinary excretion, 
secretion into milk, endogenous excretion, biliary 
excretion, bone accretion and resorption, and transfer 
across the placental barrier. 

Double tracer studies have permitted convenient 
study of the effect of following factors on comparative 
strontium-calcium metabolism: age, level of calcium 
in diet, and complexing agents. 

Data are presented on all points mentioned above. 
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Acquisitions récentes en Chimie Agricole 
par l’usage du Phosphore-32 et du 
Calcium-45. A. VAN DEN HENDE et R. DE 
Loose, Institut Agronomique de Gand, 
Belgique. 

Les auteurs ont contrélé en vue de leurs essais la 
validité de l’hypothése formulée par HEveEsy suivant 
laquelle les racines ne différencient pas les ions 
H,PO,- et H,P#40,,, ils ont a cet effet fractionné les 
quantités de P®! et P® aprés culture de mais sur 
différents substrats en présence de combinaisons de 
et de P®? 

Se basant sur le fait que l’absorption de phosphates 
marqués appliqués comme engrais sera en raison 
inverse avec la réserve accessible de combinaisons 
phosphatées dans le sol, ils ont étudié la corrélation 
entre l'utilisation de sels marqués au P* et les 
résultats obtenus par les principaux procédés 
chimiques décrits et utilisés pour la détermination des 
réserves en P,O, du sol. La trés bonne corrélation 
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trouvée entre la méthode isotopique et celles de 
Dyer, de Oxsen et de JoreT-HEBERT, pour 75 
sols étudiés, démontre la valeur de ces méthodes 
chimiques d’analyse de sol. 

Les auteurs n’ont pas consaté de différences de 
comportement entre le phosphate monocalcique et le 
phosphate bicalcique. 

Deux séries d’expériences ayant pour but d’élucider 
des problémes relatifs a l’action du CaO, du CaCO, et 
du CaSO, ont conduit a la constatation que le degré 
d’utilisation de ces prodiuts se comporte dans les 
grandes lignes suivant l’ordre décroissant: CaCO , 
et CaSQ,. 

Enfin, la méthode d’échange isotopique suivant 
Biume pour la détermination du Ca échangable dans 
le sol, a été comparée a des méthodes de percolation 
suivant PEEcH et Hissink ainsi qu’a l’extraction a 
laide d’acétate d’ammonium tamponné a un pH 
4,8. La méthode isotopique a donné des valeurs 
pour le Ca échangeable qui sont en parfaite corréla- 
tion avec ceux obtenus par percolation suivant 
et Hisstnx. L’extraction des sols a l’aide 
d’acétate d’ammonium tamponné au pH 48 a 
également donné des résultats qui sont en trés bonne 
corrélation avec les méthodes précisées pour autant 
que le pH—KCI des sols en question est inférieur a 7. 
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The Effect of Transpiration on the Absorp- 
tion of Inorganic Ions by Intact Plants. 
R. Scorr Russert and V. M. SuHorrocks, 
University of Oxford, U.K. 


The absorption of phosphate and of rubidium by 
barley plants has been studied under widely varying 
conditions of transpiration. Tracer methods have 
enabled the quantities of these ions which are 
absorbed during short periods and translocated to 
shoots to be related to the amounts of water trans- 
pired. When plants are of high salt status and relatively 
high external concentrations are employed the 
content of the shoot varies with transpiration rate, 
and the mean concentration in the transpiration 
stream is similar to that in the external medium. 
When however the salt status of the plant or the 
concentration of the external solution is reduced 
the content of shoots is less dependent on trans- 
piration. At very low concentration of phosphate, 
variations in transpiration are without effect on shoot 
content and the concentration of phosphate in the 
transpiration stream may exceed that in the external 
medium by a factor greater than 100. With rubidium 
a similar but less marked trend is observed. 

It is concluded that ions are not moved passively 
across the roots in the water stream to any appreciable 
extent. Transpiration however affects the rate of 
upward movement of ions which have been trans- 


ported to the vascular stele. Under high salt condi- 
tions this process may become the rate limiting step 
in the overall process of transpiration with the 
result that shoot content varies with the transpiration 
rate. 
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Translocation Studies in Phloem with the 
Simultaneous Use of Tritiated Water, 
Carbon-14 and Phosphorus-32, and 
Microautoradiograms. O. S. F. 
BipputpH, and R. Cory, State College of 
Washington, Pullman, U.S.A. 


The downward velocities of tritiated water, and 
labelled phosphate and sucrose in the phloem compare 
favourably with the upper limits of the values 
estimated by other means. The data did not permit the 
conclusion that one tracer moved faster than another 
in the phloem, but the circumstances that the C!4 
tracer always reached the root first, in spite of the 
necessity for photo-synthetic incorporation, suggests 
the desirability for a critical study of differentiated 
velocities in the phloem. 

The determination of the distribution of the three 
tracers in the stem and the elucidation of the signifi- 
cance of this pattern, together with its causes, have 
permitted a precise mathematical description of the 
movement of the tracers in the phloem. The following 
parameters are important: The velocity, the effective 
cross sectional area of the phloem, and the constant 
which describes the loss of tracer from the sieve tubes 
en route. The velocity can now be determined by a 
refinement of the present technique of measurement, 
the cross sectional area of the phloem by micro- 
autoradiographic means, and the constant for each 
tracer by calculation. Therefore, the basis for a more 
precise description of the translocation process now 
seems a reality. A more extended discussion of this 
and other data is to be published by BiopuLpH and 
Cory and HErwitz. 
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Contribution a l’étude de la nutrition 
minerale des arbres fruitiers au moyen 
des isotopes radioactifs. C. Corin, A. 
LeEcRENIER, B. KircHMAN, O. Liarp, et M. A. 
Picarp, Institut agronomique de Gembloux, 
Belgique. 

Essais de 1955, en mai et en septembre a |’aide de 
P82, Cat, S%, Fe>®, sur pommiers Cox’s Orange 
Pippin, sur MIX et MII, cultivés sous abri, en 
vases de végétation. 

(1) Etude du comportement des racines, tiges et 
feuilles vis-a-vis de la pénétration des 4 éléments. 

Pour les 4 éléments, la pénétration dans la racine 
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a été la meilleure. Les feuilles one eu un comporte- 
ment a la pénétration plus élevé que les tiges, pour les 
éléments P, S et Fe. L’age des feuilles ne semble pas 
avoir d’influense sur la pénétration de Ca, S et Fe. 

Pour tous les éléments, la face inférieure des 
feuilles montre un meilleur pouvoir de pénétration 
que la face supérieure sauf dans le cas jeunes feuilles, 
pour |’élément P. 

Contrairement a ce qui se passe pour le Fe, la 
pénétration de Ca, P et S par les feuilles a été 
meilleure a la lumiére. 

(2) Etude de la translocation et de la localisation 
des éléments aprés absorption par racines, tiges, 
feuilles et pétioles. 

Sauf pour la soufre, la plante nourrie par racines, 
accuse une concentration de |’élément beaucoup 
plus élevée dans la racine que dans les autres organes. 
La partie mobilisée tend a se concentrer dans les 
feuilles. 

Pour les voies de pénétration autres que les racines, 
on trouve systématiquement une plus grande con- 
centration dans les feuilles. 

En général, il semble que dans la plupart des cas, 
la variété sur M IX est plus favourable a une grande 
mobilité des éléments nutritifs que la variété sur 
MII. 


(3) Etude éléments 


de la _ redistribution des 


pendant 2 mois aprés une absorption de 15 jours 
par pétiole et feuilles. 

Le calcium ne se redistribue pas. 16°, du soufre 
semble migrer des feuilles vers les tiges (10-5°,) et les 


racines (5:-5%). De méme, 60° du fer semble 
migrer des feuilles vers les racines. 

(4) Etude de Il’effet du lessivage des feuilles sur la 
perte en éléments. 

Suite a un lessivage d’eau courante (3 1./minute 
pendant 3 heures) les feuilles accusaient les pertes 
respectives: en P® (12-5%); (20%), S% 
(27-8%) et Fe®® (0%). 
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Measurement of Ionic Fluxes in Red Beet 
Tissues using Radioisotopes. G. E. 
Briccs, A. B. Hope, and M. G. Pirman, 
University of Cambridge, U.K. 


The passage of solutes into the vacuoles of a piece cf 
plant tissue from the surrounding solution can be 
analysed into at least two stages: diffusion through 
what has been called the Free Space and active 
transport from this into the vacuole. The movement 
of ions in the Free Space has been studied in the 
absence of accumulation by lowering the temperature, 
and using tissue that had previously accumulated salt 
to saturation. Diffusion constants relating to move- 
ment of ions into and through the disks have been 
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measured and are considered in relation to the 
properties of the Free Space. 

Fluxes into and out of the vacoules were calculated 
from parallel measurements of the concentration and 
radioactivity in the solution external to the disks. 
The amount of cation in the Free Space was allowed 
for by making parallel experiments on tissue at a low 
temperature when the rate of accumulation was 
negligible. ‘The fluxes have been measured for 
potassium and sodium in solutions containing one or 
both of these ions. 

182 
Investigations on Light-dependent Phos- 
phorylation in Plants by Means of 

Phosphorus-32. W. Simonis, Veterinary 

School, Hanover, Germany. 

To investigate the connection between photo- 
synthesis and phosphate metabolism in plants, 
light-dependent phosphorylation and its relation to 
various external and internal factors was examined in 
unicellular algae (Ankistrodesmus) and higher plants 
(Elodea) by assimilating P?-marked orthophos- 
phoric acid in light and darkness. During these 
experiments it was found recently, that the assimi- 
lation of P®? into the phosphate fractions under 
investigation is varied by adding increasing amounts 
of low phosphate concentrations. Besides the phos- 
phate contents of the algae themselves, this effect is of 
special importance when investigating more closely 
the light-dependent phosphorylation; i.e. when the 
CO,-relation of light-dependent phosphorylation is 
being studied into consideration the phosphate 
intake, marked variations of P#? assimilation were 
noted in light and darkness depending on the amount 
of phosphate added. The effects of inhibitors 
(iodoacetic acid and sodium fluoride) on light-depen- 
dent phosphorylation were studied next. By means of 
appropriate solvents radio paper-chromatographs 
were taken to obtain exact knowledge of the course 
of light-dependent phosphorylation. By these the 
dissimilation processes caused by the manner of 
killing the extracts were tested; these may overlap 
‘>< actual process of assimilation to a marked 
degree. Only then were we able to establish and 
reproduce differences in P?* assimilation in light and 
darkness. In these experiments special attention was 
paid to short-timed assimilation of P®? into ATP 
and phosphoglyceric acid. 
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On the Renewal of Chlorophyll and 
Protein in Plants. T. N. Gopnev, F. V. 
Turcuin, and A. A. SuHtyk, Byelorussian 
Academy of Sciences, Minsk, U.S.S.R. 
Although the idea of the renewal of chlorophyll 

belongs to the last century (WrEsNER), it was proved 
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to be correct only through the use of tracer technique. 
E. Ru and H. Husson (1952) were the first to show 
the introduction of C™ into the composition of 
chlorophyll and carotinoids in the case of a short 
exposure of the plant to CMO, and the absence of 
measureable changes in their quantities. F. V. 
Turcuin (1953), using N!®, obtained for the first 
time data on the rate of this process. In that same 
year, A. A. SHityk and T. N. Gopnev subjected 
chlorophylls and carotinoids labelled with C1 to an 
extremely careful double chromatography on sacc- 
harose and on paper and proved definitely that the 
presence of an isotope in the composition of the 
pigments cannot be explained by the occurrence of 
impurities. A calculation of the rate of the process by 
the exponential equation showed that the period of 
semirenewal of chlorophyll amounts to about 13 
days in the case of the mature leaves of tobacco. 
However, for certain other plants (for example, 
Ceratophyllum) a slightly different rate is observed. 
According to the data of F. V. Turcur, the period 
of semirenewal of the nitrogen of chlorophyll came 
to about 3 to 4 days for the young plants of oats, 
barley and rye. This difference is explained by the 
individual peculiarities of the metabolism of plants, 
their age and also ecological conditions. 

The peculiarities in the structure of phorbin or 
phytol make improbable their renewal by individual 
atoms for groups of atoms. A comparative study of 
the distribution of radioactive carbon of the chloro- 
phylls a and } between phorbin and phytol showed 
the impossibility of even a partial renewal of the 
pigments according to these big radicals. Apparently, 
the basic mechanism of renewal consists in the decay 
of old molecules and the complete synthesis of new 
molecules of chlorophyll. This process is closely 
related to the renewal of protein. The rate of 
renewal of the nitrogen of protein proved to be of 
the same order as the renewal of chlorophyll and also 
amounts to about 3 days. In the case of rye and 
barley in the dark, the renewal of chlorophyll 
does not take place, although it continues to decay. 
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Interrelation of Chlorophyll Components 
and Carotinoids in Biosynthesis. A. A. 
Suiyk and T. N. Gopnev, Institute of 
Biology, Academy of Sciences of the Byelo- 
russian §.S.R., Minsk, U.S.S.R. 

The complex question of the interrelation of 
chlorophylls a and 6 and carotinoids in the process of 
biosynthesis can be solved by comparing their 
specific activities in the renewal dynamics. 

On the examples of three plants it has been esta- 
blished that the specific activites of carbon in chloro- 
phylls a and b differ considerably, a fact that can be 
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accounted for by the unequal dilution of the newly 
formed molecules of the pigments present in the 
tissue. This difference was maintained for a con- 
siderable time, thus proving that in a plant the two 
chlorophyll components are not rapidly transformed 
into each other. The splitting of the chlorophyll 
molecule into phorbin and phytol and determination 
of their radioactivity showed that the components 
a and } are only capable of slow exchange with phytol. 

Chlorophyll 6, acquiring lower activity, cannot be 
the predecessor in biosynthesis of chlorophyll a. 
Similarly, basically, distribution of the radioactivity 
of chlorophylls a and 6 among the individual parts 
of their molecules excludes the possibility of inde- 
pendent biosynthesis for both pigments. This shows 
that they are formed from common predecessors. 
Special experiments in which the renewal of chloro- 
phyll was determined simultaneously with its 
accumulation, have shown that on the way from 
succinate to chlorophyll the carbon becomes 
considerably diluted, in fact, much more so than in 
the case of chlorophyll a. It can be supposed that 
such dilution is conditioned by the fact that formation 
of chlorophyll 6 was not in parallel with that of 
chlorophyll a but occurred through it. 

The lower specific activity of the phytol carbon as 
compared with that of carotinoids carbon, observed 
in our experiments, makes it probable that in chloro- 
plasts the chlorophyll phytol is not a predecessor of 
carotinoids. The appreciably higher specific activity 
of carotins in comparison with carotinols shows that 
both of these pigment groups are not subjected to such 
rapid reciprocal transformations which could be 
expected, assuming the participation of this system 
directly in photosynthesis. 
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Radiochemical Identification of Digly- 
cerophosphate and Its Probable Role 
in Lipid Synthesis by Plants. A. A. 
Benson and B. Maruo, Department of 
Agricultural and Biological Chemistry, Penn- 
sylvania State University, University Park, 
Pennsylvania. 


The value of the radioactive tracer method is 
demonstrated by its application in the chemical 
identification and determination of the metabolic 
significance of a new compound in green plants. 

Radiochromatographic analysis of extracts of the 
alga, Scenedesmus, labeled with P®* revealed large 
amounts of an unknown phosphorylated inter- 
mediate which decreased markedly upon illumination. 
Determination of its concentration and chemical 
degradation of tracer amounts of the unknown from 
P®2_ and C!4-labeled algae resulted in its identification 
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as diglycerophosphate. This is a hitherto unrecog- 
nized metabolic intermediate which had undoubtedly 
been overlooked because of its symmetry and the 
ubiquity of its hydrolysis products, glycerol and 
glycerophosphate. These have been identified as 
components of the unknown by periodate degradation 
on a tracer scale and by cochromatography with 
authentic materials. 

Diglycerophosphate appears to be incorporated 
into the phospholipids during illumination and 
consequent fatty acid synthesis. These lipids repre- 
sent a new class of compounds, the phosphatidyl 
glycerols. 
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Studies on the Biosynthesis of Cyanidin 
with the Aid of C!4-labelled Compounds. 
E. GrisEBACH, Technische Universitat, Berlin- 
Charlottenburg, Germany. 


The investigation of the formation of aromatic 
compounds in the plant is still in its beginning stages. 
In this connection the elucidation of the biosynthesis 
of cyanidin and the colouring matter of many plants, 
is of importance. The biosynthesis of cyanidin in red 
cabbage seedlings was studied with the aid of radio- 
active precursors. Several investigators had postulated 
myo-inositol as a precursor for the phloroglucinol ring 
of the cyanidin molecule. Experiments with myo- 
inositol-C!4 showed this hypothesis to be incorrect. 
Studies with acetate-1-Cl and acetate-2-C indicate 
that the phloroglucinol ring of cyanidine is most 
probably formed by a ‘head to tail” linkage of 
acetate units. The degradation of the radioactive 
cyanidin showed that with acetate-1-C! as a pre- 
cursor, 98 per cent of radioactivity was located in 
the carbon atoms of the phloroglucinol ring bearing 
the hydroxyl groups, whereas with acetate-2-Cl4 
84 per cent of the radioactivity was located in the 
other three C-atoms of the phloroglucinol ring. The 
degradative procedure was checked with synthetic 
phloroglucinol-1,3,5-Cl4. In addition competition 
experiments between radioactive acetate and un- 
labelled glucose showed the importance of acetate for 
the biosynthesis of cyanidine. Further experiments 
with radioactive glucose will be presented. 
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Radioisotopes et cultures des tissue vege- 
taux. R. HE.wer, Faculté des Sciences, 
Paris, France. 

La culture in vitro des tissues végétaux associée a 
l’emploi des radioisotope est un moyen de choix pour 
l’étude de la nutrition et du métabolisms des cellules 
végétales. Les travaux de E. Baty (1953: P®?, S%, 
et Cl4) basés sur des autoradiographies de coupes 


lavées et fixées ne portaient que sur les formes 
insolubles. 

Les présentes recherches reposent au contraire sur 
des comptages pratiqués directement sur les tissus 
desséchés (en lames minces ou épaisses suivant 
l’élément). Elles ont surtout concerné l’absorption 
et l’accumulation de phosphore et du soufre. 

(1) L’absorption du phosphore est considérable, 
sensible dés les premiéres minutes, atteignaut 9°% en 
4 jours et 100°% a la fin de la culture (tissus de 
carotte). D’importants grandients de concentration 
apparaissent dans le tube: le renouvellament du 
milieu s’impose, si l’on veut éviter l’épuisement. 

La pénétration du S*® est nettement moins rapide 
(50% en fin de culture). D’autres fermes que les 
sulfates (cystéine) sont d’ailleurs assimilables. 

(2) Le phosphore absorbé s’accumule dans le 
cambium, ot il constitue une réserve temperaire, 
qui, lorsque le cal se développe, est remobilisée et 
dirigée vers les régions de prolifération active. Des 
études chromatographiques sont en cours pour 
préciser quelle est la nature de cette réserve. 

Le S**, au contraire, s’il s’accumule bien dans le 
cambium, n’est jamais remobilisé, méme si |’on 
repique la culture sur un milieu sans soufre. 

(3) Dans d’autres demaines, l’association des deux 
techniques, culture des tissus et radioisotopes, se 
montre aussi d’un amplei intéressant, par example 
dans les études (a leur début) sur la obélation 
(E.D.T.A. et Fe5*). 
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Natural and Artificially (Air-ploughing) 
Induced Movement of Radioactive Phos- 
phorus from the Muds of Lakes. 


Lakes are wasteful of the phosphorus enterirg them. 
Therefore intrafertilization procedures hold promise 
toward increasing the production of fish. In an 
undisturbed mud-water system, the percentage, as 
well as the amount of phosphorus which is released to 
the superimposed water is very small. When P* is 
placed at various depths in the mud the diffusion into 
the overlying non-circulating water is negligible if 
placed greater than | cm in the mud. 

Application of lime to the water, or to the mud, 
reduces the amount of soluble phosphorus available. 
Acidification of previously alkalized mud will, upon 
agitation, increase the amount of phosphorus entering 
solution. 

In an aquarium experiment, circulation of the 
water above phosphorus-rich mud with the aid of air 
bubbles increases the phosphorus in solution. 

Synthetic circulation of thermally stratified lakes by 
compressed air bubbles for the purpose of fertilizing 
the surface water will be discussed. An example will 
be illustrated where a small lake was completely 
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aerated with an effort of 2-4 horsepower hr per kg of 
O, added. 

Lakes as experimental models for oceanographic 
and isotope studies will be discussed. 
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The Production of “Threshold” Nuclear 
Reactions in a Graphite Reactor. C. E. 
Me J. A. Payne, and R. L. OT.et, 
A.E.R.E., Harwell, U.K. 


In Part 1 of this work the reaction Ni®8(n,p)Co*® 
has been used to monitor the flux of fast fission 
neutrons in the Harwell reactor B.E.P.O. in a series of 
different positions in the reactor, making assumptions 
about the energy spectrum of the flux. The ratio of 
fast to slow flux is plotted through the reactor, and this 
gives the preferred positions for producing threshold 
reactions, (,p), (,x), etc., and the preferred positions 
for eliminating them as far as possible. The impor- 
tance of this elimination in some radioactivation 
analyses is pointed out. The occurrence of ‘“‘exo- 
thermic” (n,p) reactions such as N!4(n,p)C! and 
Cl®°(n, p)S®° is discussed. 

In Part 2 cross-sections are presented for a number 
of (n,p) reactions on elements ranging from titanium 
to thallium in the Periodic Table, and for some (n,«) 
reactions on elements from titanium to caesium. 
Where the product isotope can also be formed by 
neutron capture in impurity a method is devised to 
correct for any impurity present. The cross-sections 
measured are compared with those predicted by 
theory. 
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Development of Methods for the Pro- 
duction of Certain Short-lived Radio- 
isotopes. L. G. STANG, Jr., W. D. Tucker, 
R. F. Dorrtinc, A. J. Weiss, M. W. GREENE 
and H. O. Banks, Jr., Brookhaven National 
Laboratory, U.S.A. 


At the Brookhaven Hot Laboratory methods are 
being developed for producing radioisotopes which 
would be useful if they were available, or available in 
suitable form. Examples for which procedures have 
been completed include Mg?8, 1132, 1183 and F18. At 
Brookhaven these are reactor produced. This paper 
will describe unpublished recent results of this work. 

Magnesium-28, 21-hour half-life, is a very important 
radioisotope for medical research and is the only 
isotope of magnesium with a half-life long enough to 
be practical for use as a tracer. It is produced in 
specific activities of about one millicurie per gram 
using a neutron flux of about 3° x 10! n sec-! cm. 
The Brookhaven process involves irradiating 0-01 in. 
thick foils of an alloy of natural Mg with lithium which 
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has been enriched to 95 per cent Li®. The nuclear 
reactions are Li®(n,t)He* and Mg?®(t,p) Mg’. This 
paper will describe theoretical considerations involved 
in attaining the present high specific activity and will 
present details of the present routine production 
method. 

Todine-132, 2:33-hour half-life, has been produced 
routinely at Brookhaven for the past four years. It is 
supplied as fission product tellurium-132 contained in 
a “‘generator’’ from which the daughter iodine can be 
“milked” conveniently, as desired. Recently a new 
method of milking iodine from tellurium has been 
developed that is simpler and faster, and which 
reduces the stable tellurium contamination to 0-1 
microgram per millilitre of product solution. Radio- 
tellurium contamination is less than 5 x 10-% per 
cent. Tellurium-132 is placed on a chromatographic 
alumina column and iodine-132 removed as desired 
by passing 0-01 M NH, through the column. Iodine- 
132 yields are around 65 per cent. 

Because of the high ratio of average beta-energy to 
average gamma-energy of 21-hour iodine-133, its use 
in thyroid therapy is being explored by medical 
investigators. It is in routine use in conjunction with 
iodine-131 in double tagging experiments. A simple 
process has been developed which requires less than 
one half-hour and by means of which the fission pro- 
duct iodines produced inirradiated U,O,areseparated 
from uranium and the other fission products. 
Necessary conditions of irradiation time and cooling 
time to maximize the amount of iodine-133 over a 
practical period of use are discussed. The product 
contains about 85 per cent I}* at time of use. 

The 112-minute fluorine-18 is the longest lived radio- 
isotope of fluorine and is produced by the O14(t,n) F18 
reaction when Li,CO, is irradiated in the nuclear 
reactor. A recently developed process for isolating the 
F18 reduces production time from two hours to one 
hour and increases the yield to two millicuries of F1® 
per gram of Li,CO, irradiated at a flux of 3 x 10! n 
sec tcm™~*. The essential feature of the process, 
which results in very pure, high specific activity F18, 
involves removal of radioactive contaminants by 
means of a cation exchange resin. 
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Utilisation des verres comme dosimetres 
industriels. F. BALEstio, M. Bonnaup, et 
P. Le Commissariat a 1|’Energie 
Atomique, France. 


On utilise la propriéte des verres de se colorer sous 
l’action des rayonnements ionisants pour contréler 
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rapidement la dose recue par un produit lors d’une 
irradiation y. 

Dans le cas d’un verre chargé au cobalt, |’étude de 
la densité optique en fonction de la dose a différentes 
longueurs d’onde a mis en évidence |’effet de l’inten- 
sité d’ionisation et de la température d’irradiation, 
conséquences directes de la décoloration du verre dans 
le temps. L’étalonnage pour l’intervalle 10,000— 
1,000,000 r.e.p. se traduit par des familles de courbes 
établies pour différentes valeurs des deux parameétres 
cités. 
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The Effect of Metal Composition Structure 
on the Diffusion of Components Along 
Grain Boundaries. S. Z. Boxster, S. T. 
KusHkin, L. M. Moroz, Moscow Aviation 
Institute, U.S.S.R. 


1. Radioactive isotopes make possible the investi- 
gation of element distribution and kinetics of local 
processes which concern various physical problems of 
solids: the theory of alloys, phase transformations, 
diffusion and durability problems. 

2. A systematic investigation by the auto-radio- 
graphic method of element distribution in metal alloys 
in equilibrium conditions and during various pro- 
cesses depending on composition, structure and 
external loads has shown that there are irregularities 
in the structure and composition of alloys. 


3. The investigation of self-diffusion of various 
metals makes evident a preferential displacement of 
atoms along grain boundaries in wide temperature 
intervals: for iron and chromium up to 1200° and 
1350° respectively. With the increase in temperature 
the influence of the boundaries gradually decreases. 

The correlation between the activation energy of 
the diffusion process in the boundaries and in the 
grain depends on the nature of metal. 

4. A great velocity of the diffusion on the grain 
boundaries is also observed in hetero-diffusion. The 
effect of the solvent metal and the diffusion element has 
been investigated. The réle of boundaries is noted not 
only in the substitution solvents, but also in the 
interstitial solvents. 

A non-uniform character of diffusion within grains 
is also established. 

5. Small additions of various elements may sub- 
stantially change the velocity of the diffusion of com- 
ponents on the grain boundaries. Thus, the addition 
of boron retards the diffusion of the grain boundaries 
not only in metal, but also in alloys and increases the 
relation Q boundary/Q grain, i.e. brings the state of 
boundaries near to the state of grains. The influence of 
additions depends on the character of their distribution 
in the alloy. 
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6. The study of the influence of metal structure has 
shown that the velocity of inter-crystallite diffusion 
increases with the increase of grain dimensions. 

The velocity of the diffusion along the grain boun- 
daries depends on the state of the alloy at different 
stages of ageing. The fall out of the phase with ~ 
ageing retards the diffusion along the boundaries. 


7. The connexion between the process of recrystalli- 
zation and the local character of diffusion is 
established. 


8. The accelerating action of stresses and deforma- 
tions on diffusion is established. Here the diffusion 
occurred chiefly along the grain boundaries. 

The problem has been considered from the point 
of view of the transitional state. 

Objects of investigation: iron, nickel, cobalt, 
titanium, chromium, copper, zinc, tin, carbon and 
alloys on nickel base. 
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Etude de la descente des charges au haut 
fourneau. A. Koun, Institut de recherches 
de la Sidérurgie, Saint-Germain-en-Laye, 
France. 


Ces essais ont été entrepris sur deux hauts fourneaux 
de 4-8 m et 5-5 m de diamétre de crouset d’une méme 
Société, functionment de facon analogue, avec une 
charge nom préparée. On a employé comme indi- 
cateurs radioactifs Au! qui passait dans la fonte 
et Lal? (a4 l’état d’oxyde) qui passait dans la laitier. 
26 essais différents ont été réalisés. 7 d’entre aux 
ont consisté a introduire des cartouches d’acier 
contenant les radioéléments par une tuyére afin 
de préciser les mouvements de la fonte et du laitier 
dans le creuset. Les autres ont été entrepris a l’aide 
de morceaux de minerai ou de coke imprégnés des 
solutions radioactives, ou de blocs d’acier et de 
graphite renfermant les radioéléments qui étaient 
introduits au gueulard avec la charge. 


On mesurait avec un compteur a scintillations 
l’activité des échantillons de fonte ou de laitier 
prélevés a des intervalles de temps régulier au cours 
des coulées. Les résultats obtenus ont montré que la 
descante du minerai transformé en fonte et laitier se 
faisait en environ 4 a 5 heures, alors qu’une aug- 
mentation de la proportion de coke chargée au 
gueulard ne se manifeste qu’au bout de huit heures. 


L’étude des mouvements dans le creuset a montré 
que le laitier ne semblait pas soumis a des mouvements 
tourbillonnaires importants. La grande diffusion de 
l’or dans la fonte ne peut a’expliquer que par l’exis- 
tance de courants internes qui provoquant un 
certain brassage du métal liquide. 


No 
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Fluid Density Measurements in Enclosed 
Systems. J. F. Cameron, Isotope Division, 
Atomic Energy Research Establishment, 
Harwell. 


In measurements of the density of fluids in enclosed 
systems nucleonic thickness gauging methods find 
many applications. As no contact is required with 
the fluid, such measurements can conveniently be 
applied to systems at high temperature and pressure 
and to corrosive, inflammable, toxic or otherwise 
dangerous fluids. 

An outline is given of the theory of the selection of 
the appropriate radiation energy for a homogeneous 
fluid in a container. Relevant properties of different 
radiation detectors are outlined and some practical 
considerations are discussed. Some relevant appli- 
cations are described. 
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Investigation of the Process of Heat and 
Mass Exchange in Capillary-porous 
Bodies by the Radioisotope Method. A. I. 
Vernik, Byelorussian Academy of Sciences, 
Minsk, U.S.S.R. 


During heat and mass exchange in capillary 
porous bodies part of the moisture migrates in the 
liquid form and part of it as vapour. The peculiari- 
ties of this process are very difficult to study by 
ordinary methods. The use of radioisotopes, however, 
makes it possible to establish the main laws of vapour 
generation and moisture migration inside the body 
and on its surface. The intensity of this process and 
the location of the evaporation zone are determined 
by the accumulation of radioactivity in the corre- 
sponding part of the body due to precipitation of a 
radioactive salt dissolved in the liquid. 

In studying the mechanism of heat and mass 
exchange the necessary similarity criteria governing 
the process were first determined from differential 
equations. Then the dependence of the phase 
transformation criterion characterizing the relative 
intensity of internal evaporation, on various factors, 
such as temperature gradient, moisture content, 
capillary size, the co-ordinates of the body, etc., was 
established experimentally by the radioisotope method, 
the experiments being carried out both under 
stationary and non-stationary conditions. Analysis 
of the experimental data led to the conclusion that 
the character of the bond between the moisture and 
the material is an important factor influencing the 
process of internal evaporation (the strength of the 
bond, as is known, depends on the moisture content 
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in the material). Increasing the temperature of the 
drying agent raises the intensity of heat and mass 
exchange as this expands the evaporation zone. 
However, an increase of the temperature also 
enhances the thermal moisture conductivity effect, 
which decreases the rate of delivery of the liquid to 
the surface of the body. A great increase in the 
temperature of the drying agent (above 120 or 150°C) 
lowers the intensity of drying, because under these 
conditions the thermal-moisture conductivity effect is 
supplemented by a_ negative pressure gradient 
arising in the cross-section of the body. 
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The Structural Defects in Germanium 
Monocrystals Irradiated by Beta- 
particles and Fast Neutrons and the 
Influence of these Defects on Electron- 
hole Recombination. V.S. Vavitov, L. S. 
Smirnov, A. V. Spitsyn, V. M. PATSKE- 
vitcu, M. V. CuuxkicHev, U.S.S.R. Academy 
of Sciences, Moscow, U.S.S.R. 


1. The energy dependence of creation cross-section 
for the simplest structural defects arising in germanium 
monocrystals irradiated by electrons, has been studied. 
The experimental data obtained are compared with 
the theory based on Mott’s formula for relativistic 
electrons scattered by nuclei. The agreement of 
experimental data with the theory within the whole 
energy range under study (from the creation thres- 
hold equal to 0-5 MeV for defects stable at room 
temperature and up to 1-2 MeV) permitted tocalculate 
defect concentrations in germanium crystals irradiated 
by f-particles. 

Evaluation was made of the cross-section 6, of 
recombination capture of holes by Frenkel defects in 
N-type germanium. This value was found to be close 
to 7 x cm?. 

2. Effect of fast neutron irradiation on electron- 
hole recombination rate in germanium monocrystals 
has been investigated. 

N-type germanium monocrystals having specific 
resistance of about 30 ohms/cm were irradiated by 
14 MeV neutrons [from T3(d,n)He$ reaction], the 
average intensity of neutron flux being 10? neutrons/ 
cm? sec. It was established that fast-neutron bom- 
bardment of germanium increases the rate of volume 
recombination; the considerable decrease of the 
carrier life time 7, as compared with its initial value 
of the order of 300 psec, is accompanied by a change 
in the specific resistance not exceeding | per cent. 

Evaluation was made of the cross-section 6, of 
recombination carrier capture by lattice defects due 
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to neutron bombardment. In calculating the number 
of defects created by a single neutron, the cross-section 
values of fast neutron-scattering by germanium nuclei 
were used as well as the formula for the calculation 
of the number of secondary-displaced atoms. The 
value of 6, was found to be equal to (I:l 
+ 0-5) x cm?, i.e. considerably higher than 
the value of the cross-section 0, of recombination 
carrier capture by defects due to electron bombard- 
ment of germanium, which is 7 x 10717 cm*. Such a 
great discrepancy between the values of 6,, and 6, may 
by explained by the fact that neutron bombardment 
unlike electron bombardment may result in defect 
accumulations acting as effective recombination 
centres. 
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Energy of Ionization by $-Particles in 
Crystals of Germanium and _ Silicon. 
V. S. Vavitov, L. S. Smirnov, and V. M. 
PatskKEvitcH, All-Union Research Institute 
of Brewing, U.S.S.R. 


One of the principal values determining efficiency 
of transformation of radiant energy into electrical 
energy by means of semi-conductor converters, is 
the mean ionization energy or “the price of electron- 
hole pair”. Evaluation of ¢ for germanium and 
silicon was carried out by many authors who 
studied electron-voltaic effects as they fluctuate in a 
wide range. Thisisdue to complications in accounting 
for spatial distribution of the generation of excess 
carriers (electrons and holes) by a f-particle beam 
and for the phenomenon of carrier diffusion towards 
P-N transition in the crystal as well as to the effect of 
surface and volume recombination. 

The present work has been carried out in conditions 
permitting to account for carrier diffusion and to 
eliminate errors connected with surface and volume 
recombination. 

The method applied for determination of ¢ values 
in germanium and silicon consists in simultaneous 
measurement of diffusion photocurrent in a flat 
crystal with P—N transition and of diffusion current 
due to ionization in the crystal caused by electron 
bombardment. 

Illumination of the sample inducing the photo- 
current, and its irradiation were carried out from the 
same surface. Generation of excess charge carriers 
by electrons and by light, took place in the same 
region near the crystal surface. 

At bombarding electron energies of 5 to 20 keV, 
the value of ¢ for germanium was found to be equal 
to 3:7 + 0-4 eV, i.e. about 5 times higher than the 
value of photoionization and thermal ionization 
threshold. The value of ¢ in the region of high 
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electron energies (up to 2:2 MeV) increases insignifi- 
cantly. 

In experiments being carried out now the value of 
¢ for silicon crystals is determined. Preliminary 
results show that this value should be about 4-5 eV. 
The values obtained for Ge and Si are somewhat 
above the values of mean energies of ionization by 
a-particles as determined by McKay (310 eV for 
Ge and 3-6 for Si). 
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Investigations on the U,0,-ZrO, and 
U,0,-TiO, Systems by the Examination 
Method. G. Wotr, L. Ocns, and F. 
STRASSMANN, University of Mains, Germany. 


RdTh is incorporated unto U,O,, ZrO, and TiO, 
after which the individual components or the mixture 
of U,O,-ZrO, and U,O,-TiO, are slowly heated 
to 1400°C in an oxygen stream. The escaping thoron 
is fed through an ionization chamber where the 
activity is continuously measured in a vibrating reed 
electrometer and registered on an automatic recorder. 
The heated mixtures are examined by X-ray methods 
in order to verify a reaction between the components. 
In both systems the emanation curves of the com- 
ponents were altered. In the U,O,-TiO, system 
both chemical and X-ray methods showed the 
formation of a compound TiO,;‘UO,. However in 
the system U,O,-ZrO, no change in the X-ray 
pattern could be noticed. Therefore the study of 
emanation curves seems to be a sensitive method for 
verification of reactions in the solid state. 
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A Study of the Hofmann Degradation of 
Quaternary Ammonium Bases Using 
Tritium-labelled Compounds. F. Wey- 
GAND and H. Daniet, Technical University, 
Berlin, Germany. 

Until now it has been assumed that the first step 
in the Hofmann degradation of quaternary ammonium 
bases involves the elimination of a proton from the 
f-carbon atom. However, recent studies cast some 
doubt upon this assumption. When quaternary 
ammonium compounds are treated with phenyl 
lithium according to the method of G. Wirric, these 
compounds decompose in the direction of a normal 
Hofmann degradation. In the course of this reaction 
“‘ylids”’, i.e. compounds with a semi-polar C-N bond, 
are formed as intermediates. 

By labelling with tritium an attempt was made to 
determine whether or not such “ylids’’ also appear 
during thermal Hofmann degradation of quaternary 
ammonium bases. Ammonium bases were synthesized 
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which were labelled with tritium in the «- or /- 
carbon atom. 

From the analysis of the degradation products of 
these bases an «-elimination of a proton could be 
ruled out. Furthermore, there are two competing 
mechanisms for the reaction: (1) a f-elimination, and 
(2) an «,f-elimination with a “ylid’ formed as an 
intermediate. 

From exchange experiments with tritium-labelled 
water it was concluded that above 100°C quaternary 
ammonium bases in aqueous solutions are in equili- 
brium with an “‘ylid”’ structure. In the light of these 
results a reaction scheme has been set up for the 
Hofmann degradation. 
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Chemical Reactions with Accelerated Ions. 
F. Cacaco, M. ZIFFERERE, B. ALIPRANDI, 
L. Crerrt, G. Crranni, and R. 
Comitato Nasionale per le Richerche Nucleari, 
Rome, Italy. 

Labelling by recoiling C™ nuclei from (n,p) pro- 
cesses on nitrogen in a reactor leads to a substantial 
amount of radiation damage, due to the high gamma 
and neutron fluxes. 

In order to get further information on the chemical 
effects accompanying the labelling process, without 
extensive gamma and neutron radiation damage, it is 
possible to focus C!#*, C4O* and CMO,* ions from 
an isotope separator on thin targets of organic com- 
pounds. The paper describes some results obtained in 
irradiating a number of substances with 30 keV ions. 
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Carbon-14 Hot Atom Chemistry of n-Pen- 
tane and iso-Pentane. C. F. MacKay and 
W. F. Lipsy. 


Reactions of Cl atoms of velocities corresponding 
to energies up to 40,000 electron volts have been 
studied in n-pentane and iso-pentane at about room 
temperature. Cl atoms were generated at the 
Argonne National Laboratory pile through the reac- 
tion of thermal neutrons in the N!4(n,p)C!™ process. 
Aniline was most often used as a source of nitrogen, 
but substitution of aliphatic amines gave similar 
results indicating that products were characteristic 
only of the hydrocarbon. A wide variety of hydro- 
carbons was formed. Hexane and pentane isomers 
were identified. Hexane isomers predominate; yields 
of individual compounds being up to 12 per cent. The 
type and yield of compounds formed from n-pentane 
differ from those formed from iso-pentane. A 
mechanism is proposed. 
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Use of Recoiling Carbon-14 as a New 
Technique in Labeling Organic Com- 
pounds. A. P. Wo tr, Chemistry Depart- 
ment, Brookhaven National Laboratory, 
Upton, Long Island, New York. 


The recoil energy given to an atom which has just 
been formed by nuclear transformation is sufficient, 
in most cases, to cause chemical bond rupture with 
the molecule or atom to which the newly formed atom 
was bound at the moment of transformation. This 
phenomenon is the basis of the well known Szilard- 
Chalmers reaction for the production of carrier-free 
isotopes. Until the past six years little emphasis has 
been put on making use of this recoil fragment, as it 
is being thermalized by its surroundings, in preparing 
labeled compounds for research purposes. 

The recoil energy of carbon-14 formed by the 
N(n,p)C™ reaction is sufficient to allow it to escape 
its site of formation and then to travel into its 
surroundings. The irradiation by thermal neutrons 
of organic compounds containing nitrogen or organic 
compounds in homogeneous admixture with suitable 
sources of nitrogen has resulted in the successful 
labeling of a variety oforganic compounds with carbon- 
14. The recoil fragment (carbon-14) at some point 
during its cooling period can replace any atom in the 
organic matrix to give a recognizable chemical 
compound. A variety of aliphatic, aromatic, and 
heterocyclic compounds have been studied. The 
extent of incorporation of the recoil fragment 
depends on the structure and state of the molecule 
in which incorporation takes place. Percentages of 
incorporation expressed as per cent of carbon-14 found 
in the particular compound in question, relative to the 
total amount of carbon-14 produced during irradia- 
tion, vary from 0-2 per cent in a compound such as 
alanine to 8 per cent in a compound such as acetic 
acid (produced from irradiated acetamide). Aromatics 
and alkanes also show wide differences in extents of 
incorporation. Replacement of carbon in the parent 
compound by a recoiling carbon-14 results in a 
labeled compound with this compound itself being 
its own carrier. Replacement of hydrogen or other 
atoms in the compound under irradiation results 
in a series of homologs and analogs which can be 
isolated by carrier techniques. An example of the 
latter is the preparation of labeled propionamide 
from the irradiation of acetamide. 

Recent stepwise degradation of the parent com- 
pounds and homologs produced has shown that 
considerable deviation occurs from uniformly random 
replacement (e.g. in the parent compound). Where 
the replacement of a particular atom to give a homo- 
log of the parent (e.g. propionamide-C™ from the 
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irradiation of acetamine) could be expected to result 
in specific labeling, such specificity was not found. 
Rather one finds a redistribution of the activity 
in the carbon skeleton of the homolog formed. 
The incorporation of the recoil fragment does not 
occur by the simple replacement of a particular atom. 
Extensive rearrangement of the reaction complex 
takes place prior to collapse to a stable compound. 

Consideration of the type of molecule to be labeled 
with respect to degree of labeling or specificity of 
labeling required must be based on a knowledge of 
the reactivity of that type to recoil procedures. 

These investigations have provided a basis for the 
application of the recoil method in labeling organic 
compounds. The use of recoil tritons in tritium 
labeling has also achieved considerable success. 

The method is most applicable where conventional 
methods of incorporation of a radioactive isotope, 
such as synthesis or exchange, prove to be difficult 
or impossible. It holds much promise in the labeling 
of complex natural products and in preparing large 
quantities of low-level labeled material. ‘There is 
some hope that some types of molecules with extremely 
high specific activity may also be prepared by recoil 
labeling. 


203 


The Chemical Reactions of Recoiling 
Tritium Atoms with Organic Molecules. 
F. S. Rowrtanp, University of Kansas, and 
R. Wo.FcaAnc, Yale University, New Haven. 


The high energy tritium atoms produced in nuclear 
reactions such as Li®(n,«)H® react directly with 
organic compounds and become incorporated in 
them. This phenomenon has found extensive 
application to the synthesis of labeled compounds 
for tracer research. 

The mechanism of this reaction with organic 
compounds has been studied recently with a variety 
of systems. Work on simple gaseous alkanes shows 
that most of the recoil tritium can become chemically 
bound in stable molecules by a non-radical mechanism 
involving direct, high-energy replacement. A 
smaller fraction of the tritium reaches final chemical 
combinations by further reaction, as thermalized 
species. 

Liquid alkanes show product distributions similar 
to those obtained for gaseous alkanes, and imply a 
similarity in mechanism in both phases. The primary 
labeled reaction products in liquid alcohols and 
acetone are also formed by simple reaction of the 
tritium atom with one target molecule. 

The reactions in solids are more complex, but the 
simple replacement of hydrogen by recoil tritium is 
still an important reaction for all molecules investi- 
gated. Further information on reaction mechanisms 


is indicated by studies of the reactions with aqueous 
solutes, of systems containing asymmetric carbon 
atoms, and of solution effects on irradiated solids. 


204 


Scintillation Counting of Beta Emitters. 
H. H. SEe.icErR, National Bureau of Stan- 
dards, Washington, U.S.A. 


Both liquid and solid organic scintillators have been 
used in the standardisation of the disintegration rates 
of several radionuclides. In the case of the solid 
scintillator the source was sandwiched between two 
thin anthracene crystals. The randomly occurring 
phototube noise was reduced by coincidence counting 
of the outputs of two end-on phototubes. Results were 
compared with those obtained by 47 gas proportional 
counting. In principle the liquid scintillator should 
eliminate the source self-absorption problems present 
in both the 47 gas proportional counting and the 47 
crystal counting techniques. However, the lower 
efficiency relative to the gas counter of the scintillator- 
phototube combination is an important factor and it 
becomes necessary to examine methods for increasing 
the light output. The effects of removal of dissolved 
oxygen, addition of wavelength shifters and reduction 
of temperature have been investigated. Measurements 
made with ultra-violet light in wavelength regions 
defined by sharp cut-off filters indicate that at least 
in some cases the quenching of the light output by 
oxygen occurs in the solute. Phototube noise under 
various conditions of field distribution and at various 
temperatures has also been studied. Thus far it has 
been possible to achieve a twofold increase in the 
light output of certain liquid scintillators as compared 
with the standard terphenyl-xylene solution. 
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Neutron Activation Analysis for Medical 
Isotope Dosimetry, with Special Consi- 
deration of Colloidal Gold-198. J. H. 
Muller, University of Zurich, Switzerland. 


The intracavitary and interstitial injections of 
radioactive colloids, especially of colloidal Au!®® (the 
author has initiated and endeavoured to promote 
these procedures since 1945) are now of internation- 
ally acknowledged importance in the field of cancer 
therapy. The essential advantages of these methods 
consist in a rather good anatomical localization of 
innumerable small radioactive foci dispersed within 
the wanted sites and, on the other hand, in 
the induction of vital reactive, mainly histiocytic 
phenomena, of which the most remarkable is the 
resulting concentration of the radioactive colloidal 
material within the whole tributary lymphatic 
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apparatus of the treated region. This is of paramount 
importance, keeping in view the fight against the 
lymphatic disseminations of the cancer cells. These 
therapeutic methods, which the author suggests to 
call ‘“‘paraselective,’’ come thus within the realm of 
the scientific ideal of selectivity. 

Qualitative data and quantitative approximations 
about these concentrations of radioactive particles 
within the lymphodes and other anatomical struc- 
tures were already obtained by means of the hitherto 
available physical methods, i.e. external counting and 
scanning, counting of ashed active samples, calcula- 
tions and autoradiography; the latter supplies, when 
sufficient residual activity is available, quite demon- 
strative and important documents, which §are, 
however, unreliable for precise assessments of 
radiation dosage. 

The author has first used neutron activation analysis 
for such investigations and has obtained by this means 
accurate quantitative data. Well-defined small 
samples of the tissues to be examined, collected after 
Au! treatments (by surgery, exceptionally at 
autopsy) were, the primary activity having fully 
decayed, ashed and reactivated in a A.E.R.E. 
Harwell reactor, together with exactly calibrated 
gold samples, at a site of homogeneous neutron flux. 
The differential analysis of the decay curves obtained 
from the thus reactivated samples results in a precise 
definition of the f-radiation dosage realized, within 
the investigated structures. The mean values are, 
for example, 7000 rad within the retroperitoneal and 
mediastinal lymphnodes, after intraperitoneal appli- 
cation of 150mc of colloidal Au!®8, and 8000- 
16000 rad within the axillary lymphnodes, after 
extended preoperative colloidal Au!%$ infiltrations of 
the breast (130 mc). These well certified data are 
highly suggestive and indicative of the therapeutic 
efficiency of these procedures, for the blockade of 
lymphatic tumour disseminations and for the sterili- 
zation of early micro-metastases at a distance from 
the primaries, thus escaping even most radical 
surgery and conventional radiotherapy. 
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Technique d’autoradiographie a trés basse 
temperature. P. PELLERIN, Commissariat 
a l’Energie Atomique, Saclay, France. 


Les sujets congelés dans l’azete liquide acquiérent 
la dureté d’un métal léger, ce qui pernet de préparer 
le plan d’autoradiographie par fraisage sur machine- 
cutil. 

L’exposition autoradiographique est elle-méme 
effectude dans la vapeur saturante de I’asete liquide: 
en chambre noire, |’émulsion portée par une plaque 
en plastique est appliquée contre la surface fraisée. 
Cet ensemble est disposé au dessus de l’asete liquide 


contenu dans un récipient en mousse de Téflon. Les 
mesures montrent qu’un gradient de température 
s’établit entre —190° a la surface de l’asete liquide, 
et —120° a la partie supérieure du récipient formé. 
Le développment a lieu a tempéraiure ordinaire et la 
sensibilité de l’émulsion n’est pas modifiée. 

Cette technique permet de maintenir le bloc trés au 
dessous de la température de congélation, dés la mort 
de l’animal jusqu’au développment: toute diffusion 
chimique est suprimée et la répartition de la sub- 
stance radioactive saizie sur l’autoradiographie a 
l’instant exact de la mort par congélation. Des 
fraisages successifs permettent d’étudier la répartition 
de la substance radioactive, a toutes les profondeurs. 
L’absence d’effets pseudo-radiographiques est totale. 
Enfin le renfermement des seuleurs naturelles des 
éléments anatomiques par cette trés bases température 
est considérable, ce qui permet de réaligner l’auto- 
radiographie en couleurs de la coupe sans processus 
de coloration. 
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Selective Quantitative Radiocardiography 
for the Study of Central Haemody- 
namics in Physiology and Pathology. 
G. Monasterio, G. Gicii, and L. Donato, 
University of Pisa, Italy. 


The results of the radiocardiographic researches 
performed by the cardiovascular group of the Centre 
of Nuclear Medicine of the University of Pisa in the 
past three years are presented. 

Radiocardiography is defined as the measurement 
and the recording of the time/concentration curve of 
a gamma emitter tracer during its passage through 
the heart chambers. 

From the shape of the radiocardiogram useful 
information can be obtained about the dynamics of 
blood in congenital and acquired heart diseases. 

On the other hand analysis of the radiocardio- 
graphic curves by means of the turnover methods 
supplies invaluable and original information about 
the distribution of blood in the single heart chambers 
and its rates of transfer. 

Injection radiocardiography by means of radio- 
iodinated human serum albumin provides the 
complete double-peak radiocardiogram, which gives 
the estimation of the cardiac output and in many 
cases the calculation of the right ventricle end- 
diastolic and post-systolic residual volumes; moreover 
the rate of emptying of the right atrium can be cal- 
culated and information is obtained about the 
pulmonary circulation. 

Injection radiography by means of Au!®8 absorbed 
on carbon particles provides the pure right heart 
radiocardiogram, even in severe failure. 

Inhalation radiocardiography by means of gaseous 
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gamma emitter tracers provides the pure left heart 
curve, and a precise too! for calculation of both 
atrial and ventricular rates of emptying, and ventri- 
cular volumes. 

Large experimental evidence is presented and the 
importance of the new technique is emphasized. 


208 
Mesure continue, in vivo, sur la souries de 
la concentration sanguine des isotopes 

a rayonnement B-mou et notamment du 

carbone-14. P. Bonet-Maury, A. Dey- 

SINE, et F. Patti, Institut du Radium, Paris, 

France. 

L’oreille d’une souris injectée avec du carbone- 
14 présente une activité externe facilement mesurable 
avec un compteur cloche ordinaire a fenétre mince 
(2 mg/cm?). La souris est immobilisée sur une 
planchette en plexiglass; sa téte est masquée par un 
écran de plomb, percé d’un trou laissant passer 
Voreille. Le rayonnement f émis est recueilli par un 
compteur cloche, placé audessus de l’oreille et 
enresgistré, aprés amplification convenable. L’ 
enregistrement continu de l’activité de Toreille 
permet de déterminer sur une méme souris vivante, 
placée dans des conditions physiologiques acceptables, 
toute la courbe de concentration sanguine en C14, 
depuis le début de l’injection. 
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Etude fonctionnelle and morphologique du 
foin par le rose bengale marque a 
Viode-131. H. Renautt et C. JacqQuier, 
H6pital St-Antoine, et H. et J. JAmmMer, 
Fondation Curie, Paris, France. 


Une possibilité nouvelle d’utilisation du_ rose 
bengale comme épreuve fonctionnelle hépatique a 
été envisagée en marquant ce colorant par le radio- 
iode-131. La détection hors de l’organisme du 
rayonnement y émis permet, en outre, d’obtenir une 
image scintillographique du fois. 

Des études effectuées sur le rat et le chien ent 
précisé: la courbe d’épuration sanguine, la courbe 
de fixation et d’élimination hépatique; |’élimination 
fécale et urinaires la trés faible fixation thyroidienne 
et musculaire. Les calculs effectués a partir de ces 
résultats ont établi d’une part la possibilité d’obtention 
d’un scintillogramme lors de la fixation hépatique 
maximum, d’autre part l’inocuité de la méthode 
compte-tenu de l’irradiation totale de l’organisme 
et partielle du foie et de l’intestin. 

La méthode appliquée chez homme a confirmé 
les espoirs suseités par l’expérimentation animals. 
La représentation graphique en coordonnées loga- 
rithmiques de la mesure indirecte de la fixation 
hépatique condiut a des droites dont la pente 


traduit l’état fonctionnel de l’organe. L’injection 
d’une quantité de rose bengale marqué n’entrainant 
qu’une irradiation minime permet d’obtenir un 
hépatogramme qui renseigne sur la situation, les 
dimensions, les contours et l"homogénéité du fois. 
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I*!-labelled Diodrast and Rose Bengal 

Tracers: Their Value in Investigating 

Kidney and Liver Functions. G. V. 

Tapiin, O. M. Merepitu, Jr., H. Kane, 

and C. C. Winter, University of California, 

Los Angeles, U.S.A. 

Recent progress in the development of external 
tracer techniques for measuring liver and kidney 
functions with I#!-labelled Rose Bengal and Diodrast 
are described. Results of laboratory and clinical 
investigations are presented and interpreted. The 
present status of each test is summarized. The 
Diodrast-I}3! renogram is not only a useful tool for 
further investigation in renal physiology but also has 
distinct usefulness in clinical urology, especially as a 
rapid screening procedure to detect unilateral renal 
disorders in children and young adults with hyper- 
tension. 

The Rose Bengal-I/*! hepatogram is presently 
the most sensitive specific test for polygonal cell 
function of the liver. When the test is used repeatedly 
in jaundiced patients, results correlate well with the 
clinical findings and indicate the underlying patho- 
physiological disturbances more quickly than do 
indirect biochemical liver tests. The hepatogram 
provides data on biliary tract patency and/or bile 
flow interference, and therefore has distinct value in 
the differential diagnosis of medical versus surgical 
jaundice. 

The use of a mixture of BSP and Rose Bengal-I?3! 
as a liver stress test promises to be a means for 
increasing the sensitivity of the procedure to the 
point where a negative stress test is indicative of the 
absence of significant hepatic pathology. 

These investigations demonstrate the fundamental 
usefulness in research and the clinical applicability of 
dynamic external tracer techniques which permit 
the simultaneous measurement of multiple physiolo- 
gical events and evaluation of specific renal and 
hepatic function as well as patency of the upper 
urinary passages and biliary tract. 
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Electron-exchange Reactions of Fe(II)- 
Fe(III) and Co(II)-Co(III) Complexes. F. 
S. Darnton, G. S. LAuRENCE, W. SCHNEIDER, 
D. R. Srranks, and M. S. Varpya. 
The influence of various ligands on the rates of 
electron exchange between complexes of Fe(II)— 
Fe(III) and of Co(II)—Co(III) has been investigated. 
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The isotopic exchange between ferrous ion and 
ferric thiocyanate complexes exhibits —half-times 
varying from 100 to 500 seconds at 0°C and the 
kinetics indicate that the aquated Fe?* ion exchanges 
separately with both FeSCN?* and Fe(SCN),°. 
The second order rate constants and activation 
energies are very similar to those reported for 
exchange between aquated Fe?* and _ FeCl,*, 
and FeF,* (i.e. 1-10 1.mole™! at 0°C) 
atom transfer in the transition state is probably 
common to all such systems. A similar study has 
established that the second order rate constant for 
exchange between aquated Fe?* and the ferric azide 
complex FeN,?+ is 1800 I.mole~} sec"? at 0°C. 
Isotopic exchange between the bis-cyclopentadienyl 
complexes Fe™(C;H;).* and Fe"™(C;H;). in 
anhydrous alcohols is complete within separation 
times of 0:05 seconds at 0°C and 1 second at 
—65°C. Since separation induced exchange appears 
unlikely, the second order rate constant for (direct) 
electron exchange between Fe(C;H;),*> and 
Fe(C;H;), must exceed 104 at —65°C. 

Co(II) oxalate complexes only undergo electron- 
exchange with the Co(III)-tris-oxalate complex 
when an oxalate ring opens in the Co(III) complex. 
At 25°C the half-times (hundreds of hours) increase 
with increased free oxalate concentration and using 
the measured stability constant of Co(C,O,),*-, the 
rate constants for electron exchange of Co(C,O,)3— 
with both Co(C,O,),?— and Co(C,O,),4~ are 4:9 x 
10-2 and 3-2 x 10-* I.mole! respectively. 
Since C" tracer studies preclude the existence of the 
radical ion C,Qy,, electron transfer must occur via 
a bridged symmetrical transition state. The rate 
constant for electron exchange between Co(NHsg) ¢?* 
and is 7-0 x 10-3 at 
65°C and u = 1-00. Under corresponding conditions 
the rate constant for the analogous pentamine-aquo- 
complexes rises to 1-4 x 10-1 and for the tetramine- 
diaquo-complexes 3-0 x 107! min“!. For 
these Co(II)—-Co(III) amines, electron exchange 
probably involves hydrogen atom transfer in the 
transition state. 

The variety of mechanisms operative in electron 
transfer processes limits the utility of existing quanti- 
tative calculations of electron exchange rates. 
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A Radiochemical Study of Some Kinetic 
and Thermodynamic Properties of Com- 

plex Ions of the Rare Earths. R. H. 

Betts, O. F. DAHLINGER, and D. M. Munro, 

Atomic Energy of Canada Limited, Chalk 

River, Canada. 

Radioactive nuclides of lanthanum, neodymium, 
dysprosium and ytterbium have been used to investi- 


gate the kinetics of the isotopic exchange reactions be- 
tween the forms Rag?* and RX™~ in aqueous solution. 
X represents the organic chelating agent ethylene 
diamine tetra-acetic acid. The principal path 
leading to exchange is the acid catalyzed dissociation 
of RX~; the rate of exchange is given by the 
expression: For com- 
parable conditions, the rate constants vary in the ratio 
kta: kya: kpy : kyp 2: 7700 : 1200 : 19: 1. At 25°C, 
= 42 x 10° litre mole? min“. Two cross 
exchange reactions between different rare earths 
have also been examined by radiochemical methods. 
These include LaX~ + Ndag?t = NdX~ + Lagq?*, 
as well as the pair Nd—Dy. For the La—Nd system, 
the kinetics of the opposing reactions involved in the 
equilibrium were investigated separately. It is 
found that the kinetic behaviour of these non-isotopic 
systems can be related fairly simply to the kinetics of 
the corresponding isotopic exchange reactions. 
Measurements of the position of equilibrium were also 
made, and these are discussed in terms of the difference 
in stability of the complex ions involved. Evidence 
will be presented which suggests that the main factor 
responsible for the increased stability of NdX— 
relative to LaX~ is the more negative partial molal 
entropy of Ndaq®* as compared to that of Lagq?*. 
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The Use of Isotope Exchange Reactions 
for Studying Non-organic Compounds. 
Y. A. Fiatkov and Y. P. NAZARENKO, 
U.S.S.R. 


The paper comprises a review of the results of 
studying the physical and chemical properties, 
structure and transformations of non-organic com- 
pounds obtained by means of isotope exchange 
reactions. 

The following problems are dealt with in greater 
detail: 

(1) The existence of very unstable compounds of 
the polyhalide type. 

As is well known, analysis of many double systems, 
consisting of free bromine or iodine and bromides or 
iodides of a number of elements, points to the 
absence of complex compounds in such systems. At 
the same time physico-chemical and _ preparative 
research has well established the formation of 
polyhalides in aqueous and non-aqueous solutions. 
Investigation of isotope exchange reactions of a 
great number of systems of bromides-bromine and 
iodides-iodine has shown that unstable complexes 
are formed in such systems. This has made it 
possible to attribute the stabilizing effect of solvents to 
the process of solvation of the cations of the poly- 
halide molecules by the solvent. 
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(2) The existence of unstable ion forms of complex 
halides. 

(3) The clarification of individual peculiarities of 
halides, elements standing very close to each other in 
MENDELEYEV’s periodic system. The paper cites as 
an example the results of studying the reaction of 
isotope exchange of halogens with tetrahalides of 
carbon, silicon, germanium and tin. The results of 
the investigation are interpreted on the basis of 
steric factors. 

(4) The process of formation and the nature of 
green modifications of trivalent chromium salts. 
Investigation of green modifications of bromide and 
chromium chloride by isotope exchange reactions, 
along with physico-chemical methods, points to a 
considerable difference between these complexes 
and the green modifications of chromium sulphate. 
Sulphate ions exchange at a rate greatly exceeding 
that of the transformation of the green modification 
into the violet one. Haloid ions in less stable halides 
hardly exchange at all. This points to a difference in 
the structure and composition of the said complexes. 
The paper considers the possible structure of these 
complexes of chromium. 
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Electromigration d’ions radioactifs dans 
les sels en fusion; application 4 la 
separation des isotopes. H. J. ARNIKAR 
et M. Cuemia, Collége de France, Paris, 

France. 

L’électrophorése dans des sels fondus peut étre 
effectuée sur un support de papier d’amiante. Cette 
méthode a permis de déterminer la mobilité a 355°C 
des ions Lit, Nat, K+, Rb*, Cst, Ca**, Bat*, Cl-, 
Br-, dans le nitrate de sodium fondu. Le coefficient 
de diffusion et la mobilité vérifient approximative- 
ment la formule d’Einstein. 

La méthode d’électromigration sur amiante 
imprégnée de NO,Na fondu a été appliquée a 
l’étude de la séparation des isotopes. Un mélange de 
deux isotopes est déposé sur la zone de départ. Puis, 
aprés une électromigration sur un parcours d’environ 
30cm, la courbe de répartition des isotopes est 
déterminée, ainsi que la variation du _ rapport 
isotopique le long de la zone finale. Cette technique 
a permis de mesurer la différence relative de mobilité 
pour les couples d’isotopes suivants: Na?*—-Na*4, 
Li®-Li’, Rb®°-Rb®? et 
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A Determination of the Heat of Sublima- 
tion and Vapour Pressure of Mercury 

Diphenyl at 25°C, Using Mercury-203. 

A. S. Carson, D. R. Strranxs, and B. M. 

WitmsuHurstT, University of Leeds, U.K. 

The heat of sublimation of a radioactive solid may 
be determined from the temperature variation of the 
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specific activity of the vapour in equilibrium with 
the solid. For this purpose both a static and a 
dynamic (i.e. Knudsen effusion) technique has been 
developed. For mercury-labelled compounds, the 
former technique is applicable to vapour pressures 
greater than 10-* mm Hg, but the latter has a useful 
lower limit of 10-® mm Hg. The effusion technique 
is illustrated in detail for solid mercury diphenyl 
labelled with Hg!®? + Hg?®, Mercury diphenyl 
has been prepared by a five stage synthesis from 
neutron-irradiated mercury of an initial activity level 
of one curie. The semi-remote controlled synthesis 
and purification is described. Vapour from the solid 
product is effused from a stainless steel cell on to a 
cooled target and the effusate Geiger-counted. 
From determinations at ten temperatures between 
20° and 30°C the heat of sublimation of mercury 
diphenyl has been calculated as 26-96 + 0-20 
kcal/mole. The vapour pressure at 25°C is 0:95 x 
mm Hg. 

The general applicability of the method is con- 
sidered and for forty common elements the lower 
pressure limit for quantitative measurements lies 
between 10-® and 10-19°mm Hg. Use of neutron 
fluxes greater than 10 neutrons/cm?/sec and more 
sensitive counting techniques could reduce these 
lower limits by a factor of 102. 
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Self Diffusion in Polycrystalline Platinum. 
G. V. Kipson and R. Ross. 


Self diffusion coefficients have been determined 
between 1325°C and 1600°C using the radioactive 
isotope Pt!%™, The diffusion results can be expressed 
by the equation 

D = 0-33 exp (—2-96/KT) 

An evaporation technique is described by which it 
was possible to remove the unwanted decay product 
Au!® from the irradiated platinum. 
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Occurrence of Long-lived Isomer Potas- 
sium-38 in Nature. E. K. Geruin, L. K. 
Levsky and L. I. Aranasreva, U.S.S.R. 
Academy of Sciences, Moscow. 


One of the methods of revealing rare long-lived 
radionuclides is to measure stable disintegration pro- 
ducts accumulated during long geological periods in 
minerals containing these radionuclides. While 
investigating the isotopic composition of argon iso- 
lated from different potassium minerals, it was found 
that in the old rocks the ratio of A®® to A%§ differs 
sharply from the normal ratio of these isotopes in the 
argon of the air. This isotopic displacement indicates 
some accumulation of A%% in potassium minerals. 
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This accumulation was shown not to result from the 
following nuclear reactions: 


B 
(2) Cl5(a,n)K38 —> A38 


(1) A38, 
BL 
(3) —> A38 


By determining the amount of A®® in potassium 
minerals of different age it was possible to show that 
the accumulation of this isotope follows the exponen- 
tial equation: 


38 
= 1-10-20 (1 — 


where ¢ is the age in years. 

Hence, potassium contains the long-lived isotope 
K°*8 in an amount of | - 10-!° g/g, the disintegration 
constant being 9-10-19 y-, This isotope belongs to the 
group odd-N odd-Z radionuclides, including Al?®, 
K?9, La}88, and, possibly, and Ta!®®, which 
are characterized by long half-life periods. For Al*®, 
T1890, V9 short-lived isomers are known. 
Possibly, the last regularity is to be observed not only 
for these but also for many other isotopes. Experi- 
mental determination of long-lived isomers is con- 
nected with complicated counter measurements of 
weak activities and that is why many of these isomers 
avoided detection. 

As for K*8, there are two methods of determining 
the long-lived isomer, one being connected with the 
enrichment of the natural potassium with isotope K*8 
by the factor 10°-10®, followed by a mass-spectro- 
meter measurement of isotopic composition. Another 
method consists in irradiation of K%% with fast 
neutrons and looking for the long-lived K** in the 
reaction product: 
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Argon-Potassium Method of Age Deter- 
mination and Its Application in Pre- 
Cambrian Geology. E. K. 
U.S.S.R. Academy of Sciences, Moscow, 
U.S.S.R. 


Great abundance of potassium minerals in the 
earth’s crust offers the possibility of wide application 
of the A~K method of age determination. The most 
reliable data are obtained with micas, the evolution 
of argon being associated with very large values of 
activation energy. For instance, according to the 
writer and the worker of the Laboratory of the Pre- 
Cambrian Geology I. M. Morozova, the activation 
energy of the evolution of argon out of muscovite, 
biotite and phlogopite are 85,000, 57,000 and 67,000 
cal/g atom respectively. 

These activation energies of the argon evolution are 
comparable to the bond energy of the most stable 
chemical compounds. Thus, micas are very suitable 


minerals for the age determination by the A-K 
method. 

In the Laboratory of the Pre-Cambrian Geology of 
the Academy of Sciences of the U.S.S.R. the A-K 
method was applied for the age determination of the 
Pre-Cambrian and the Paleozoic rocks of the eastern 
part of the Baltic shield and of the other regions. The 
A-K age of the most ancient rocks of the Baltic shield 
of the Cola peninsula is 2:5 x 10% years and even 
more. A number of age values ranging from 2 x 10° 
to 2:3 x 10% years were obtained. Such data were 
determined for the micas extracted from certain 
plagio-microclinic granites, gneisses and pegmatite 
veins of the Cola peninsula. The values are mostly 
grouped around 1:8 x and 1-7 x years. 
Connected with this period is the intrusion of the 
granites of II and III groups related to the Upper 
Archean and the Lower Proterozoan, respectively. 
The youngest Pre-Cambrian granites Rapaakivi are 
estimated to be of 1520 = 10® years. They were 
followed by a long interval in the magmatic activity 
in the eastern part of the Baltic shield, which con- 
tinued to the Caledonian diastrophism, its age being 
assumed to be 350 x 10° years. 

The data of the Laboratory show the applicability 
of the A-K method for the age determination of the 
most ancient Pre-Cambrian formations. The reli- 
ability of this method is not inferior to the lead 
method, surpassing it in certain cases. 
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The Natural Radioactivity of Lutecium-176 
and Its Possible Application in Geo- 
logical Age Determination. W. HERR 
and E. Merz, Max-Planck Chemical Insti- 
tute, Mainz, Germany. 


The rather difficult analytical determination of Lu 
and its expected decay products makes it under- 
standable that the natural f-radioactivity of Lu!é 
has not been applied so far in geological age deter- 
mination. Also the half-life and the decay scheme 
seemed not to be sufficiently established. 

For the Lu analysis a new determination procedure 
has been developed, which makes use of the neutron 
activation and the isotope dilution technique. 
Lu is enriched from the mixture of rare earth elements 
by fractionated precipitation and consequent re- 
peated column chromatography and will be finally 
determined by the induced Lu!’®™ activity. 

The following minerals containing rare earths 
were investigated: Blomstrandine, Euxenite, Ga- 
dolinite, and Thortveitite. From these minerals 
the ZrO,- and HfO,-mixture was quantitatively 
isolated and separated into the pure compounds by 
ion exchange techniques. The isotope abundances of 
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the isolated pure Hf-compounds were determined by 
radiometric methods through the induced neutron 
activities of Hf!8! resp. Hf179™ as well as by mass 
spectrometric analysis. 

In the Gadolinite mineral we first proved the 
existence of radiogenic Hf!”, the B-decay product of 
Lu!’6, Instead of the “normal” abundance value of 
~5-2 per cent for the Hf1”* isotope our Gadolinite-Hf 
showed an increase of Hf!7® up to ~44 per cent. 
Since the geological age of the mineral could be 
determined by approved uranium-lead-methods, 
the calculated f~ half life of the Lu!”® is given as 
2:25 + 0-35-10! years. This investigation demon- 
strates that age determination by measuring the 
radiogenic Hf in suitable minerals containing rare 
earths is possible at least in principle. 
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Cosmic-ray-induced Radioactivity in 
Meteorites and Tektites. T. P. Kouman 
and W. D. ExMann, Carnegie Institute of 
Technology, Pittsburg, U.S.A. 

A multiple-sample low-background Geiger counter 
assembly has been constructed for the measurement 
of weak beta-emitting radionuclides produced in 
meteorites by cosmic-ray bombardment. Chemical 
procedures have been developed for the separation 
and purification of Al, Be, Ca, Co, Fe and Ni from 
iron and stone meteorites, tektites and other silicate 
materials. 

The long-lived radionuclides Al?* and Be!® and the 
5-year Co® have been detected in several meteorites, 
and their identity proven by chemical recycling. The 
Co® probably results in part from disintegration of 
the long-lived Fe® produced by cosmic rays in space, 
and in part from neutron capture by Co®® on the 
earth’s surface. The highest levels observed, in 
disintegrations per minute per gram of specimen, are 
in stone, Al?®&0-065, Be!°0-0051, Co®-0-0017; in 
iron, Al?®0-0068, Be!®-0-00069, Co®°-0-032. 

The Be!®/AI*6 ratio is definitely lower in the Plain- 
view chondrite than in the Richardton chondrite, 
suggesting that the former may have existed as a small 
body for less than a million years. Al?® and Be!® are 
both present in Odessa siderite but could not be 
detected in a specimen of Canyon Diablo siderite; 
either Canyon Diablo fell at least several million years 
ago, or the specimen examined was shielded from 
cosmic rays in the interior of a very large mass. 

Al?6 and Be!® are found in some tektites, proving 
that these objects are glass meteorites. Both activities 
are also present in Libyan Desert Silica-Glass, 
proving that it is a variety of tektite. The comparison 


263 


of Al?® levels in tektites and stone meteorites gives the 
following terrestrial ages: australites, <500,000 
years; Libyan Desert Glass, >4,000,000 years; mol- 
davites and bediasites, ~4,000,000 years. 

Measurements of these and other nuclides should 
give valuable information on the pre-fall and post-fall 
histories of meteorites and on the past intensity of the 
cosmic radiation. The average cosmic-ray flux over 
the past several million years must not have been 
grossly different from the present value. 
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The Formation of Sodium-22 from 
Atmospheric Argon by Cosmic Rays. 
L. Maraunp, N. L. Costa, and I. G. ALMErpa, 
Brazilian Centre of Physical Research, Rio 
de Janeiro, Brazil. 

It has been found from radioactivity measurements 
that the sodium salts from rain water in Rio de 
Janeiro include a certain amount of Na”? nuclei with 
a half-life of 2-6 years. 

Measurements of the Cs!®" activity in the same 
samples leads to the conclusion that Na?? is of natural 
origin, being formed as a spallation product of 
atmospheric argon by cosmic rays. 

The paper gives a detailed description of the 
chemical separation and radioactivity counting 
techniques. The average activity due to Na™ in 
fresh rain water is given as 0-017 dyn/I. 
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Continental Water Balance, Ground Water 
Inventory and Storage Times, Surface 
Ocean Mixing Rates, and World-wide 
Water Circulation Patterns from Cos- 
mic Ray and Man-made Tritium. F. 
BEGEMANN and W. F. Lipsy, The University 
of Chicago, U.S.A. 


The man-made tritium produced during the 
Castle Operation in the spring of 1954 has been used 
to study the circulatory rates for waters in the 
Northern Hemisphere, particularly in the northern 
Mississippi Valley of the United States. It is observed 
that Northern Hemisphere rains, six months to 
eighteen months following Castle, had about half the 
tritium content that the surface water had, and this 
difference has revealed that about one-third of the rain 
in the Upper Mississippi Valley is ocean water and 
about two-thirds re-evaporated surface water. 
This allows the total inward transport of ocean water 
for the Upper Mississippi Valley to be calculated. 
It is about 10m per year. It has been found that 
on the average tritium has a residence half-life of 
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about 6 years on the continental land mass of North 
America (radioactive decay taken into account). 
This probably will be applicable to most other 
continental land masses. Water from the oceans stays 
in the northern Mississippi Valley 15 years on the 
average. The principal mechanisms by which 
ocean water deposited on the continents returns to 
the sea are by ihe rivers, and as moisture in air masses 
moving from the land to the sea where precipitation 
occurs. 

Studies of the circulatory pattern of hot springs 
have shown that the waters of the several hot springs 
studied are rainwater that has been stored for rela- 
tively brief periods. Study of groundwaters has shown 
that in large areas the water issuing from wells dug 
for normal use is older than 50 years. It appears that 
the technique of studying the tritium content of well 
water is quite likely to prove to be of value in studying 
underground water supplies and in the prediction of 
their susceptibility to drought as well as depletion by 
pumping and the possibility of replenishment from 
rain or snow. 
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Radiochemical Analysis of Deep-sea 
Deposits in Relation to the Determina- 
tion of the Sediment Accumulation Rate. 
V. I. Baranovy and L. A. Kuzmina. 


A radiochemical method has been envolved of 
determining the content of radioisotopes U8, Th?®, 
Th, and Ra?*® in sea deposits. V. I. KuzNETAOV’s 
reagent “‘thoron”’ has been used for a direct chemical 
determination of Th. 

Determination has been made of radioisotope 
content in cores of sea sediments selected by the 
expeditions of the USSR Academy of Sciences 
Institute of Oceanography in the areas of the Kuril 
and Japanese Islands, as well as by the 1956 Antarctic 
Expedition. 

A general picture has been obtained, pointing to 
the distribution of U?38, Th?°°, and Ra?26 in 
the sea silt of those areas; in a number of cases 
calculations have been made of the rate of sedimenta- 
tion by the shifting of radioactive equilibrium in the 
series of U decay at various depth of the core. 
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An Attempt to Observe the Capture of 
Reactor Neutrinos in Chlorine-37. Ray- 
MOND Davis, JR., Brookhaven National 
Laboratory, U.S.A. 


An experiment has been performed in which 3800 1. 
of carbon tetrachloride have been irradiated adjacent 
to a nuclear reactor in an attempt to induce the 
production of radioactive argon-37 from neutrino 
capture in chlorine-37. The argon-37 was removed 
by sweeping with helium and counted in a small low- 
level counter. Auxiliary experiments carried out 
away from the reactor show that background cosmic 
radiation and fast neutrons from the reactor were too 
small to account for the activity observed in the 
experiment. The observed neutrino capture cross- 
section was less or equal to 1-1 x 10-* cm?. This 
value is to be compared to a theoretical cross-section 
of 2-6 x 10~* cm? if neutrinos and antineutrinos are 
identical. According to recent theoretical ideas based 
on parity-non-conservatic experiments, a nuclear 
reactor may emit both ne..:rinos and antineutrinos. 
If this were the case the reaction observed would only 
be induced by the neutrinos. The cross-section should 
then range from zero to the theoretical value given 
above, depending upon the ratio of neutrinos and 
antineutrinos emitted by the reactor. 
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The Role Played by the Radioisotopes in 
the Parity Investigation. C. S. Wu, 
Columbia University, New York, U.S.A. 


In this report the results of the investigation of the 
asymmetric beta-angular distribution from polarized 
Co®® nuclei, which gave the first unequivocal proof 
of non-invariance of parity operation and charge 
conjugation in weak interactions, will be presented. 
The subsequent developments in related fields will be 
reviewed and discussed, particularly the theoretical 
and experimental implications in the field of beta- 
decay. 
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Experiments on Parity. A. I. ALIKHANOV 
(Abstract received after going to press). 
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The Yield of Characteristic X-rays 
Excited by e-Rays 


N. STARFELT, J. CEDERLUND, and K. LIDEN 


Radiation Physics Department, University of Lund, Lund, Sweden 


(Received 14 January 1957 ; in final form 1 April 1957) 


The intensity of the K X-ray peak from f-ray sources of Pr!43 (Egmax 0°92 MeV) and Cel4— 
Pr!44 (Emax 2:98 MeV) sandwiched by tin or lead radiators was measured with a NalI(T1) 
scintillation spectrometer. The following maximum yields given as photons per disintegration 
were found: tin + Pr!43, (15-35 keV): 0-028 at a radiator thickness of 68 mg/cm?, lead + Pr!¥%, 
(60-100 keV): 0-043 at 120 mg/cm*, and lead + Ce!4-Pr!44 (60-100 keV): 0-21 at 270 
mg/cm2. 

These results together with those of Lip~N and STARFELT show that: 

(1) The ratio between the number of photons in the K X-ray peak and the total number of 
high energy bremsstrahlung photons for optimum radiator thickness is about 3:1 for low- 
energy betas + tin, and about 1:1 for high-energy betas + lead. 

(2) The K X-ray peak intensity increases with Egmax and with the Z of the radiators; but so 
does the high-energy bremsstrahlung. The radiator thickness for maximum yield increases with 
Epmax at low energies and levels off at a value of about 300 mg/cm? for high-Z radiators and 

‘ Epmax > 3 MeV. 
Some practical applications are commented upon, particularly the possibilities of Kr®°. 


LE RENDEMENT DE L’EMISSION X CARACTERISTIQUE : 
PAR EXCITATION 
On a mesuré, a l’aide d’un spectrométre scintillation NaI(Tl), l’intensité du pic K des 


rayons X produits par des sources de Pr!43 (Egmax 0°92 MeV) et Ce!4—Pr!4 (Egmax 2-98 MeV) 
intercalées entre des convertisseurs de rayonnement / en rayonnement X, d’étain ou de 
plomb. Les rendements maximum obtenus sont les suivants, exprimés en photons par désinté- 
gration: étain + Pr!43, (15-35 keV): 0-028 pour une épaisseur de convertisseur de 68 mg/cm? 
plomb + Pr!48 (60-100 keV): 0-043 pour 120 mg/cm? et plomb + Cel4Pr!4 (60-100 keV) : 
0-21 pour 270 mg/cm?. 

Ces résultats joints a ceux de LipEn et STARFELT montrent que: 

(1) Le rapport du nombre de photons dans le pic K des rayons X au nombre total de 
photons du rayonnement de freinage de haute énergie est, pour |’épaisseur de convertisseur 
optimum, d’environ 3 : | pour bétas de basse énergie + étain, et d’environ | : 1 pour bétas 
de haute énergie + plomb. 

(2) L’intensité du pic K des rayons X croit avec Egmax at avec le Z du convertisseur; mais 
il en est de méme du rayonnement de freinage de haute énergie. L’épaisseur du convertisseur 
correspondant au rendement maximum croit avec Egmax aux faibles énergies et tend vers une 
valeur d’environ 300 mg/cm? pour des convertisseurs 4 Z élevé et Egmax > 3 MeV. 

On passe en revue quelques applications pratiques, en particulier l'utilisation possible 


de Kr*®, 
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N. Starfelt, 7. Cederlund, and K. Lidén 


XAPAKTEPHCTHYECKOrO PEHTTEHOBCROLPO 

Pr (Eg max 0,92 Map) mu Ce ™*—Pr ** (Eg max 2,98 M9B), OKPYAKCHHEIMIL OOBAHHBIMM 
CBUHQOBLIMH Oba W3MepeHa 13 Nal (TI). 
(15-35 Kop) : 0,028 TommMHe 68 Mr/cm*, + Pr (60-100 : 0.043 
120 mr/cm? + Ce — Pr (60-100 kop): 0.21 270 mr/cm®. 
OTH pesyabTaTh, Kak mu Jimena mu Crapdeabta, 
(1) ONTHMaIbHOi OTHOMeHMe P@oTOHOBB K 
IpuMepHo 3: 1 sHeprum + O710B0 mpuMepHo 1: 1 
sHeprum + CBHHeI, 
(2) unrencusHocts K-annnii Bo3pactaet C Eg max UC Z 

HO TakuM O6pas0M BOBpacTaeT TOpMO3HOe 
aHeprum. Jlaad Z Eg max > 3 MOB 


300 mr/em?. 
HeKoTOpHe Cly4all MpuMeHeHMA, B YacTHOCTH 


DIE AUSBEUTE DER DURCH £-STRAHLEN ERZEUGTEN 
CHARAKTERISTISCHEN RONTGENSTRAHLEN 


Die Intensitat der K-R6éntgenstrahlung, welche von zwischen Zinn- oder Bleiradiatoren 
gelegenen f-Strahlenquellen von Pr!43 (Egmax 0°92 MeV) und Ce!4—Pr!™4 (Emax 2°98 MeV) 
ausgeht, wurde mit einem NaJ(T1) Szintillationsspektrometer gemessen. Folgende maximale 
Ausbeute, ausgedriickt in Photonen pro Zerfall, wurde gefunden: Zinn + Pr!43, (15-35 keV): 
0-028 bei einer Radiatordicke von 68 mg/cm?, Blei + Pr43, (60-100 keV): 0-043 bei 120 
mg/cm? und Blei Ce!4—Pr!44 (60-100 keV): 0-21 bei 270 mg/cm. 

Diese Resultate zusammen mit friiheren Messungen von LEN und STarFELT zeigen: 

(1) Das Verhaltnis zwischen der Anzahl der Photonen in der K-Réntgenspitze und der 
totalen Anzahl der hochenergetischen Bremsstrahlungphotonen ist bei optimaler Radia- 
tordicke 3:1 fiir weiche f-Strahlen + Zinn und 1:1 fir harte 6-Strahlen + Blei. 

(2) Die Intensitat der K-Réntgenspitze nimmt mit Egmax und mit der Ordnungszzhl des 
Radiators zu; aber das ist auch fiir die hochenergetische Bremsstrahlung der Fall. Die fiir 
maximale Ausbevte optimale Radiatordicke nimmt mit Egmax bie niedriger f-Energie zu und 
nahert sich bei Benutzung von schweren Elementen und Egmax > 3 MeV einem konstanten 


Wert von etwa 300 mg/cm?. 


Einige praktischen Anwendungsmdglichkeiten werden besprochen, besonders die Eignung 


des Kr®5, 


WHEN /-particles pass through matter atoms 
are excited and subsequently de-excited with 
emission of characteristic X-rays. The 
excitation is ascribable either to direct inter- 
action between a /-particle and an atom or 
to photoelectric absorption of brems- 
strahlung photons emitted by a f-particle in 
the Coulomb field of a nucleus. 

K X-rays produced in this way were first 
studied by Epwarps and Poo." and later 
by SrecBaun and 

A quantitative investigation of the yield of 
K X-rays obtained from f-ray sources 
mounted between lead and tin radiators was 


INTRODUCTION 


performed by LipEN and StTaArRFELT‘) using 
the pure f-emitters S® (Egmax 0-167 MeV, 
half-life 87 days) and P®? (Egmax 1-71 MeV, 
half-life 14-3 days). They suggested the 
possible use of these roughly monoenergetic 
X-ray sources in medicine and industry. 
Later RerFFEL and 
LEBOEUF and SrTarkK'®), KEREIAKES and 
Kress,'7®% Lév&Que et al.,2 and Daccs?” 
discussed practical applications of this method 
of producing characteristic X-rays in such 
fields as radiography, radiotherapy, thick- 
ness gauging, measurement of density of 
rapidly flowing liquids, absorptiometry, 
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and chemical analysis. The long-lived 
isotopes Sr9°9-Y9° 2:2 MeV, _half- 
life 28 years), Eul® (Egmax 0:243 MeV, 
half-life 1-7 years), and Pm'47 (Emax 0-226 
MeV, half-life 2-6 years) were used by 
these authors. However, no detailed investi- 
gations are available of the dependence of 
the X-ray yield on the radiator thickness or 
atomic number, or on the maximum energy 
of the f-particles. In filtering the betas 
from Sr®°-Y% through various thicknesses 
of lucite and using lead radiators, REIFFEL*) 
estimated the K X-ray yield versus the f-ray 
energy. A more accurate result can be 
obtained from measurements with f-emitters 
of various Egmax- This will then show how 
the yield and purity of the K-radiation vary 
with radiator material and thickness and 
with the f-spectrum. 

We therefore studied the K X-rays excited 
in tin and lead radiators by the beta-rays 
of (Egmax 0-92 MeV, half-life 13-7 


days) and Cel4—Pr¥44 (Esmax 2°98 MeV 
half-life 282 days). The results for P®? and 
S®> (Egmax 1:71 and 0-167 MeV, respec- 
tively) previously reported and of the 
present study will then provide fairly com- 
plete and quantitative knowledge of the f-ray 
excited X-rays in the K-radiation region. 

Pr!48 decays directly to the ground state of 
through a first forbidden /-transition 
giving a f-spectrum with allowed shape. The 
decay of Ce!4—Pr!4 is complex (EMMERICH 
et al.,2?) KREGER and Cook"), However, 
the only beta transition of importance in 
this connection is the 2:98 MeV once for- 
bidden transition from the ground state of 
Pr#4 to the ground state of Nd!4, which 
gives a f-spectrum of allowed shape. The 
three y-ray lines of importance are those at 
36 keV, 81 keV, and 134 keV. The strongest 
of these lines occurs in about 15 per cent of 
the disintegrations, as against 97 per cent for 
the 2:98 MeV /-transition. 


EXPERIMENTAL 


For the study of the K X-ray yield a 
geometry giving 47 geometry for the beta 
particles was used. The Pr'% and Ce!#4—Pr14 
f-ray sources prepared by evaporation on 
0-75 mg/cm? Mylar films were covered on 
either side of the source by a radiator foil. 
Both foils were of equal thickness. The radia- 
tion from this source (Fig. 1) passed through 
a beryllium window, thick enough to absorb 
betas escaping from the source, and entered a 
lead collimator lined with tin and copper, 
placed on top of a Harshaw Nal(TI) 
crystal 12 in. diameter by | in. thick mounted 
on a Du Mont 6292 photomultiplier. The 
bremsstrahlung produced in the beryllium 
window was negligible compared with the 
X-rays emitted from the source. 

The pulses from the photomultiplier were 
amplified and then analysed with_a single- 
channel pulse height analyser, the channel 
position of which was continuously varied by 
means of a motor-driven precision potentio- 
meter. The output pulses from the analyser 
were fed into a rate-meter followed by a Leeds 
and Northrup Speedomax recorder, the paper 
of which movedsynchronously with the poten- 
tiometer determining the channel position. 


The radioactive isotopes were obtained 
from A.E.R.E., Harwell, where the absolute 
activity was measured by 47 counting with an 
accuracy of +2 per cent for Pr'#8 and +5 
per cent for Ce!4-Pr', The sources 


Source 
Perspex 

Mylar film 

Perspex rod 

Beryllium disc 

Perspex disc 


Lead diaphragm 


Sn+Cu-lining 
Al-housing 
MgO-reflector 
Harshaw Nak TI crystal 
Du Mont 6292 


\\ Steel cylinder 


\\ 


yy 
< 


Cathode tollower 


To adjustable floor stands 


Fic. 1. Experimental arrangement used for the 
measurement of the X-rays emitted from thin 
f-ray sources sandwiched by two radiators. 
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Fic. 2. Experimental pulse-height distributions obtained with the NaI(T1) spectrometer with 
radiator thickness giving maximum K X-ray yield. (Lead K X-rays 75 keV, tin K X-rays 25 keV). 


contained no detectable radioactive impuri- 
ties and only negligible amounts of inactive 


substances. 
The experimental pulse-height  distri- 


butions obtained with the radiator thick- 
nesses giving maximum K X-ray yield for 
Pr!43 and Ce!4—Pr!44, respectively, are shown 


in Figs. 2 and 3. 


RESULTS 


The experimental pulse-height  distri- 
butions were corrected for crystal efficiency, 
Compton electron background, iodine K 
X-ray escape, collimator effects and absorp- 
tion in the beryllium and aluminium win- 
dows, as described by STARFELT and CEDER- 


LUND. "14) 


As can be seen from Figs. 2 and 3 the 
measured spectra consisted of K-radiation, 
y-radiation, and continuous bremsstrah- 
lung. When analysing the results into these 
different radiation components it proved 
difficult to determine the spectral shape of 
the continuous bremsstrahlung the 
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Fic. 3. Experimental pulse-height distributions obtained with the NaI (TI) spectrometer, (a) for 
a thin Cel44—Pr144 source and (b) for the same source with radiator thickness giving maximum K X-ray yield. 
(Lead K X-rays 75 keV, tin X-rays 25 keV, y-ray lines 34, 81, and 134 keV). 


K-absorption edge of the radiator material. 
Because of the abrupt change of the absorp- 
tion coefficient at the absorption edge the 
peak in the K X-ray region consisted not 
only of K X-rays but also to a considerable 
extent of bremsstrahlung. The shape of the 
bremsstrahlung spectrum produced in differ- 
ent materials varies only slightly with atomic 
number.“5) Thus the difference in shape 
between a low-Z and a high-Z radiator is 


due to the absorption of the bremsstrahlung 
in the radiator. The bremsstrahlung spec- 
trum at energies below 100 keV was deter- 
mined by measuring the spectrum obtained 
from a Pr!43 source on a perspex radiator. 
By normalizing this low-Z spectrum to the 
measured spectrum at energies well above 
the K-absorption edge and calculating the 
attenuation in the tin and lead radiators, 
respectively, the bremsstrahlung spectrum 
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emitted from these radiators was obtained. 
In this calculation it was assumed that the 
bremsstrahlung was produced only at the 
source position. This is a good approxi- 
mation provided that the absorption in one 
radiator is less than about 75 per cent. For 
very strong attenuation this procedure will 
be less accurate because then only brems- 
strahlung produced close to the radiator 
surface will escape from the radiator. The 
accuracy of the method outlined above was 
confirmed by the agreement between the 
calculated bremsstrahlung spectra and the 
observed spectra at energies below the K 
X-ray peak. 

The bremsstrahlung spectra obtained with 
low-Z radiators for Pr!#3 and P32 were com- 
pared and were found to be similar in shape. 


It was therefore assumed that the shape of 
these spectra could be used as a good approxi- 
mation for the Ce!4—Pr!4 low-Z bremsstrah- 
Jung spectrum that could not be measured 
because of the gamma-ray lines emitted by 
these isotopes. 

Having determined the bremsstrahlung 
spectrum the experimental spectra could be 
analysed into different components: K- 
radiation (A), bremsstrahlung at low ener- 
gies (B), bremsstrahlung in the K X-ray 
region (Sn 15-35 keV, Pb 60-100 keV) (C), 
high-energy bremsstrahlung (D), and gamma 
radiation (F). In Fig. 4 these components 
are given as number of photons per disinte- 
gration as a function of radiator thickness for 
4+ Sn radiator, Pr!4* + Pb radiator, 
and Ce!44—Pr!44 + Pb radiator. 


DISCUSSION 


All the curves showing the yield of the K 
X-ray and bremsstrahlung components A, C, 
and D as a function of radiator thickness are 
similar in shape (Fig 4). Initially the yield 
increases with the thickness of the radiator, 
i.e. with the additional production of radia- 
tion in the added material. The curve then 
shows a broad maximum, and finally declines 
because of X-ray absorption in the radiator. 
A comparison between the intensity of the 
components contributing to the K X-ray 
peaks, (4 + C= E), and the high-energy 
bremsstrahlung D is of relevant interest. The 
ratio, g = E/D, between the number of 
photons in the K X-ray peak and that in the 
high-energy bremsstrahlung was taken as a 
measure of the “purity” of the K X-ray peaks. 
Because of the higher photon energy in the 
bremsstrahlung component, D, the maxima 
of the D-curves in Fig. 4 lie at somewhat 
larger radiator thicknesses than those of the 
E-curves (K X-rays peak). Thus a q greater 
than that obtained with the radiator thick- 
ness giving maximum K X-ray yield can be 
achieved by using thinner radiators. 

Fig. 4 (c) shows the intensity of the 134-keV 
y-ray line (F), emitted by the Ce1#4—Pr1* 
source. The yield of this y-ray line for a thin 
source was found to be (13-5 + 1) - 10-? per 
disintegration, a value consistent with that 
given by Krecer and Cook.) 


In Table | the yield of the radiation com- 
ponents £ and D as well as the purity ratio 
q = E/D obtained in the present investigation 
with radiator thickness giving maximum 
yield of component E are presented together 
with similar data on the beta emitters P** 
and S* (Lmpén and STarFELT®)) and 
and Sr°°-Y% and It is 
obvious that the yield of both components 
increases with Eymax and that the yield is 
higher with lead radiator than with tin 
radiator for equal Emax. However, the 
purity ratio g decreases with increasing 
Esmax- Thus, high purity can be obtained 
only at the expense of intensity. The 
optimum radiator thickness increases slowly 
with Eymax at low energies and then levels 
off at a value of about 300 mg/cm? and 
Esmax 3 MeV for lead and about 75 mg/cm? 
for tin radiators at somewhat lower Egmax. 

In one case, for Pr!4% + Sn, the radiator 
behind the source was made thick enough to 
stop all the f-rays. This arrangement gave a 
17 per cent higher K X-ray yield than that 
obtained with radiators of equal thickness. 
Thus, when using f-ray excited K X-ray 
sources in practice a thick radiator should be 
employed on the back of the source and the 
betas penetrating through the radiator in 
front of the source should be stopped in a 
low-Z absorber. 
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Fic. 4. The measured intensities of the different X-radiation components emitted from a thin /-ray source 
sandwiched by two radiators of equal thickness, shown as functions of the radiator thickness. The components 


are: A: K-radiation, dashed line. B: 


low-energy bremsstrahlung (below 60 keV for Pb radiators and below 


15 keV for Sn radiators), dot-dashed line. C: bremsstrahlung in the K X-ray energy region (60-100 keV 
for Pb radiators and 15-35 keV for Sn radiators), line with open circles. D: high-energy bremsstrahlung 
100-500 keV for Pb radiators and 35-200 keV for Sn radiators), dotted line. E: (=A + C) K-radiation and 
bremsstrahlung in the K X-ray energy region, solid line. F: 134 keV gamma radiation, crosses. 


From the present data it can be con- 
cluded that it is possible to get more than 
20 photons in the K X-ray peak per 100 
disintegrations if a #-emitter with 


about 3 MeV is used together with 


high-Z radiators of optimum thickness. 
However, with the high-efficiency geometry 
used it is not possible to decrease the 
contribution of the high-energy bremsstrah- 
lung. 
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Taste 1. The yield of K X-rays and bremsstrahlung from various f-ray sources sandwiched by lead or tin 
radiators. The purity ratio g of the K X-ray peak is also given 


| Per cent photons per | 
| disintegration 
| Esmax Radiator material Purity ratio Reference 
Source MeV and thickness, x X-ray peak | High-energy q=E£/D 
| mg/cm? | (component E) | bremsstrahlung 
| (component D) 
| | | 
Pris3 0-92 | Pb, 120 | 4.3 2-7 1-6 a 
ti | 1-71 | Pb, 220 11-0 b 
2-98 | Pb, 270 | 1:0 a 
a | 0-167 | Sn, 37 0-28 0-09 | 3-1 | b 
a 0:92 | Sn, 68 2-6 2:0 1-4 | a 
Sn, 74 3-6 | b 
0-226 Sn, ~55 0-3 0-3 1-0 
2:2 Sn, ~1000 1 | 6 0-17 | c 


a. present investigation, optimum radiator thickness for K-peak yield 
b. LipEn and SrarFeLt) optimum radiator thickness for K-peak yield 


c. LeBorur and 


* The directly observed value is 21-4, which includes K X-ray photons due to the photo-electric absorption in the 


radiators of 134 keV gamma rays. 


SOME REMARKS ON PRACTICAL APPLICATIONS 


As mentioned in the introduction the 
possible utility of f-ray excited K-radiation 
has been discussed previously (e.g. LipEN and 
STARFELT®) and RetrreL™ The lack of low- 
energy y-ray emitting isotopes is the main 
reason for the increasing interest in this type 
of radiation sources. Several authors have 
suggested the carrier free fission product 
(Esmax MeV, half-life 28 
years) as a suitable f-emitter.“4-1) However, 
Sr®° is one of the most hazardous isotopes 
known, the maximum permissible total body 
burden being | wc.“ Since the risk of damage 
to the source cannot be completely elimi- 
nated, e.g. in industrial applications, the 
search for less hazardous isotopes has to go 
on. A chemically inert gaseous isotope, 
enclosed in a suitable low-Z container 
properly lined internally, would be useful. 
Then, in the event of leakage, the gaseous 
isotope would be rapidly intermixed with a 
large air volume and the amount of the 
isotope entering the lungs or adhering to 
the clothes would be negligible. We have 
made some succesful preliminary tests with 
a rare gas isotope, the fission product Kr® 
(Esmax 0°67 MeV, half-life 10 years). The 
gas was enclosed in flat, cylindrical glass 


containers, internally lined with lead foil. 
The absolute activity of Kr®* was not known; 
hence the K-radiation yield could not be 
measured. However, with the aid of 
Table 1, the maximum yield can be esti- 
mated to be about 2 per cent with tin lining 
and about 3 per cent with lead lining. 

A mixed y-ray and K X-ray source, e.g. 
Tm17°07) or Cel#4—Pri44 is sufficient for 
several practical applications. The latter 
isotope between lead radiators of optimum 
thickness gives about 25 per cent photons in 
the K-peak (60-100 keV) and at the same 
time 7 per cent 134 keV photons, i.e. about 
32 per cent low-energy photons per disinte- 
gration. Ce144—Pr!44 between uranium radia- 
tors of optimum thickness (front 300 and 
back 1500 mg/cm?) would give about 36 per 
cent photons per disintegration in the region 
80-134 keV (Table 1). 

Finally it may be worth while calling 
attention to the importance of properly 
adapting the detector sensitivity to the 
radiation used. A high efficiency in the K 
X-ray region only, as in the case of 2-5 mm 
thick NaI(T1) crystals,‘®!® will markedly 
increase the usefulness of the beta-excited K- 
radiation. 
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Production of Carrier-free Aluminum-26 
and Sodium-22* 


ROBERT A. RIGHTMIRE,* TRUMAN P. KOHMAN,t and ALEXANDER J. ALLEN? 
(Received 1 May 1957) 


Al?® and Na* are produced simultaneously by deuteron bombardment of water-cooled 
high-purity magnesium targets. A chemical procedure for isolating each nuclide in carrier-free 
and radiochemically pure state is outlined. With 15 MeV deuterons, the thick-target yields are: 
1-40 + 0-13 dis/min/uAhr; (4-6 + 0-3) x 10® dis/min/uAhr. The half-life of Al?® is 
estimated as ~1 x 10° years, uncertain by a factor of about 2. 


PRODUCTION D’ALUMINIUM-26 ET DE SODIUM-22 SANS ENTRAINEURS 


On produit simultanément Al? et Na** par bombardement deutonique de cibles de mag- 
nésium de haute pureté refroidies a eau. On décrit un procédé chimique d’isolement de 
chaque nucléide sous forme radiochimiquement pure et sans entraineur. Avec des deutons 
de 15 MeV, les rendements de cible épaisse sont: Al?®, 1-40 + 0-13 dis/min/uAhr; Na”? 
(4-6 + 0-3) x 108 dis/min/wAhr. La période de Al** peut étre estimé 4a ~ 1 x 106 ans, a un 
facteur d’environ 2 prés. 

NO.TYYEHUE ATIOMUHIIA-26 HATPHA-22 BE3 HOCITEJIA 


Al® u Na® noayualorca O(HOBpeMeHHO B 
Mumeneii XIMMYeCKH MarHuA. OnucaH cnocoO xuMMyuecKoro 
OPO USZOTOMAa B CBOGOAHOM OT HOcHTemA sHeprun 
qelirponos B15 MaB BEIXOZa TOUCTHX cocrapanioT: 1,40 + 0,13 pacn/muH/p 
ammep-yac, Na* (4,6 + 0.3) x 10° pacn/muu/p ammep-yac. 
Al** noayyeno ~ 1 x 10° aeT, B 2 pasa. 


HERSTELLUNG VON TRAGERFREIEN UND Na” 

Al?® und Na?? wurden durch Bestrahlung von wassergekuhlten Scheiben von reinsten 
Magnesium mit Deutronen gleichzeitig hergestellt. Ein chemisches Verfahren wird gegeben, 
die die Trennung von tragerfreien und radiochemisch reinen Nucleiden erlaubt. Mit 15 MeV 
Deutronen sind die Ausbeuten fiir dicke Scheiben: Al?®, 1,40 + 0,13 d/Min/uA-Stande; 
Na**, (4,6 + 0,13) »« 10®d/Min/wA-Stunde. Die Halbwertzeit von Al?® wird auf ungefahr 
106 Jahre geschatet, mit einen Unsicherheit eines Faktors 2. 


INTRODUCTION 
Untit 1954, aluminum had been the only too short for utility. In that year was dis- 
element without a radioactive or stable covered”) the long-lived Al*® ground state, 
isotope suitable for tracing. The natural isomeric with a previously known Al*® of 6-5 
element consists only of the nuclide Al*’, sec half-life, now recognized to be a meta- 
and the longest-lived radioisotope then stable state. The metastable state and 
known, Al?®, has a half-life of only 6-6 min, ground state are sometimes designated 


* This paper is from a portion of a dissertation submitted by R. A. R1GHTMrrRE in partial fulfillment of the requirements 
for the degree of Doctor of Philosophy. Present address of R. A. Ricurmire: Research Laboratory, Standard Oil 
Company of Ohio, Cleveland, Ohio. 

+ Department of Chemistry, Carnegie Institute of Technology, Pittsburgh, Pennsylvania. The work at this 
institution has been supported by the United States Atomic Energy Commission. 
+ Sarah Mellon Scaife Radiation Laboratory and Department of Physics, University of Pittsburgh, Pittsburgh, 


Pennsylvania. 
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Al?6™ and Al?®, respectively, but the symbol 
Al?6 will be used hereinafter to refer to the 
long-lived isomer. The latter emits ener- 
getic positrons and y-rays,"+?:3,4) and is 
therefore readily detectable with standard 
counting equipment. 

It is apparent that, because of the impor- 
tance of the element aluminum, Al?® should 
be of considerable value as a tracer in many 
fields of science and technology.“ These in- 
clude inorganic chemistry, electrochemistry, 
solid state physics, geochemistry, mineralogy, 
petrology, and soils. It might be used in 
studies of the metallurgy, corrosion, and 
wear of aluminum metal and alloys, of 
ceramics and their fabrication, and of other 
industrial products and processes involving 
this element. Although aluminum has not 
been regarded as a particularly important 
biological element, its biochemical, nutri- 
tional, and agricultural role can now be 
investigated much more extensively because 
of the availability of the tracer isotope. 

In addition, its long half-life, estimated as 
~10® years,” should qualify Al?* as an 


excellent radiation source for constant- 
intensity p- and y-ray standards. The long 
lifetime is at the same time its chief disad- 
vantage, however, because the correspon- 
dingly small disintegration constant means 
that very large numbers of atoms have to be 
prepared in order to obtain appreciable 
disintegration rates. Low-level counting 
techniques may be important in extending 
the usefulness of available amounts of Al?®. 
In the method to be described for produ- 
cing Al?*, there is also produced Na, a 
positron and gamma emitter of 2-6 years 
half-life. This is the radionuclide which has 
been produced in the greatest quantities with 
the University of Pittsburgh cyclotron for 
the past several years. It is useful as a 
chemical tracer for the element sodium and 
as a physical tracer, for example for bodies of 
water. In medicine it has both diagnostic 
and therapeutic applications. It is the most 
convenient and practical laboratory source 
of positrons. It is useful for calibration of scin- 
tillation gammaspectrometers for bothenergy 
and counting yield at 0-51 and 1:28 MeV. 


TARGETS AND BOMBARDMENTS 


Al?® was originally prepared™ by the 
bombardment of magnesium with 15 MeV 
deuterons, through the reactions Mg*(d,n)- 
Al*® and Mg*®(d,2n) Al?6. It-has subsequently 
been observed in aluminum bombarded 
with 22 MeV protons, from the reactions 
Al?*(p,pn)Al?® and Al??(p,2n)Si?6(61) Al?6(2) 
and in silicon bombarded with 5 MeV 
deuterons, by Si?8(d,«)Al?6.9) For routine 
production aluminum targets are undesirable 
because of the impossibility of obtaining the 
radioaluminum in carrier-free condition. 
Silicon targets of high purity and thermal 
conductivity may be difficult to prepare. 
Magnesium metal can be obtained in high 
purity, can be machined readily into targets, 
and has sufficient thermal conductivity to 
sustain intense bombardments. Accordingly, 
we prefer magnesium targets, but the possi- 
bility of obtaining greater yields through the 
use of silicon targets should be investigated. 

Another advantage of the use of magne- 
sium targets is that they permit the simul- 
taneous production of Na?*, via the reaction 


Mg?4(d,«)Na**. ‘This is the method routinely 
used for the production of the latter nuclide. 
Although it has been customary to add 
sodium carrier in order to precipitate sodium 
zinc uranyl acetate,®,® pure magnesium 
targets can yield carrier-free Na??.(771)) 

Targets used are in the form of cups, 1{ in. 
diameter, } in. deep, weighing 30 g. They are 
machined from ASTM high-purity magne- 
sium metal (nominally containing 0-003 per 
cent aluminum) which was obtained from the 
Dow Chemical Company. They aresupported 
on arotating probein the circulating deuteron 
beam inside the University of Pittsburgh 
cyclotron.” The rotation distributes the heat 
(and also the induced activities) around the 
periphery of the cup, while at the same time 
cooling water circulates through the probe 
against the inner surface of the cup.“%) This 
arrangement permits target currents of up to 
180 wA without attrition of the maynesium. 
After bombardment, targets are usually held 
for a week or so to allow Na?# and other short- 
lived activities to decay. 
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CHEMICAL PROCEDURE 


The following procedure has been devised and 
tested for the carrier-free separation of Al?6 and Na” 
from magnesium targets. It employs ion-exchange 
column techniques because of their high separation 
efficiency and ability to work at very low concentra- 
tions. Special emphasis has been placed on obtaining 
a procedure in which pH and ionic strength 
are not critical and which gives high yields with a 
high degree of decontamination of aluminum from 
sodium, beryllium, calcium, scandium, and vanadium. 
The Na” activity is enormously greater than that of 
Al®, Be’ (from lithium impurity in the target), 
Ca*!, Ca*®, and Ca‘? (from calcium impurity), and 
Sc#®, V48, and V4 (from Sc, V, and Ti impurities) 
have a tendency to contaminate the Al?®, The Na?* 
separation was adapted from a procedure used at the 
University of Michigan.“ 

Caution must be taken to prevent carrier-free 
cations from exchanging with cations in glassware. 
Polyethylene equipment and glassware coated with a 
thin silicone film“*) are used. Four polyethylene ion- 
exchange columns | cm in diameter are needed. Two 
of these columns are about 30-35 cm long and the other 
two at least 60cm long. They are prepared by drawing 
polyethylene tubing to a narrow tip by gently heating 
in a flame. A plug of polyethylene shavings supports 
the resin bed. A screwlamp on a short tygon outlet 
tube is used to control rates of flow. 

In order to avoid contamination by the stable 
sodium and aluminum isotopes, freshly distilled water 
and aqueous ammonia are used; H,O and NH,OH 
refer to these freshly prepared reagents. Where a 
large quantity of ammonia is required, NHg gas is used 
alternatively. 

The separation requires about 3 days or 24 
working hours. 


Preparation of columns 


(1) Anion-exchange columns: Wash Dowex-| resin 
(100-200 mesh) thoroughly with 12 N HCl, then 
with H,O. Fill one of the shorter columns to a height 
of 20 cm with the resin. Flush this column with 500 
ml of 0-12 N HCl + 0-1 MH,C,O,. Then fill a long 
column to a height of 50 cm and flush with 12 N HCl. 

(2) Cation-exchange columns: Wash Dowex-50 resin 
(50-100 mesh) thoroughly with 6 N HCl until free of 
iron, then with H,O. Fill the second small column to 
a height of 20 cm and the jast column to 50 cm. Wash 
both columns thoroughly with H,O. 


Dissolution of target 


(3) Mount the target outside down in about 5 ml 
of H,C in a beaker so that the active surface is nearly 
covered. Add from a dropping funnel, at a rate slow 


enough to prevent spattering (~1 drop/sec), suffi- 
cient 6 N HCI to dissolve most of the activity off the 
target surface. (120 ml is sufficient to dissolve 95 per 
cent of the activity off of our targets.) Allow Mg to 
remain in contact with HC] until H, evolution ceases. 


Separation of Al from Mg and Na 


(4) Add H,O until the solution has a volume about 
twice that of 6 N HCl used in step 3. Add 10 mg each 
of Bet, Cat?, Sct carriers, and methyl red indicator. 
Add NH,OH to methyl red end point, precipitating 
Be(OH), and Sc(OH),3. Digest at 50-60°C for 10 
min and cool. 

(5) Centrifuge, saving supernate for Na’ separation 
and precipitate for Al?® separation. 

(6) Wash precipitate with 0-001 N NH,OH and add 
washings to supernate from step 5. 


Purification of Al 


(7) Dissolve washed precipitate in 100 ml of 0-15 
N HCl + 0-1 M H,C,Og and introduce immediately 
into small anion-exchange column. Adjust flow 
rate to 8-10 drops/min. (The flow must be slow 
enough to allow the system to approach equilibrium 
conditions. ) 

(8) Elute Bet? with 50 ml of 0-15 N HCl + 0-1M 
H,C,O,, or until no Be(OH), forms in effluent when 
NH,OH is added. Discard eluate. 

(9) Elute Al’ with 50 ml of 12 N HCl. 

(10) To eluate add 100 ml of H,O and 30 mg of 
Fet’. Add NH,OH until browncoloration of Fe(OH), 
appears and slight excess of NH,OH is present. 
Digest at 50-60°C for 3-1 hr. 

(11) Centrifuge and wash precipitate with H,O, 
discarding supernates. 

(12) Dissolve precipitate in 50 ml of 0-50 N HCl. 
Introduce sample into small cation-exchange column, 
adjust flow rate to 10 drops/min. Wash column with 
50 ml of 0-80 N HC] at same flow rate. 

(13) Elute Fe*# and Al*? with 5 N HCI. (At least 4 
column volumes are necessary.) 

(14) Add a volume of concentrated HNOg equal 
to that required to elute the Al** and Fe* in step 13 
and gently heat up to 70-80°C. Maintain this 
temperature until volume of liquid is reduced to about 
half its criginal volume. (The purpose of this step is to 
convert any vanadium to its highest oxidation state.) 

(15) Add 10 mg of V,O; to 5 ml of 12 N HCl, 
agitate for a few minutes to bring the vanadium into 
solution, and immediately add to the solution pre- 
pared in step 14. 

(16) Precipitate Fe(OH), with slight excess of 
dilute NH,OH, centrifuge, and wash with H,O. 
Discard washings. 
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Production of carrier-free aluminum-26 and sodium-22 


(17) Dissolve precipitate in 10 ml of 12 N HCl. 
Bubble gaseous HCl in slowly until saturated, to 
insure that the HCl concentration is >12 N. Pass 
solution through large anion-exchange column at 
flow rate of 10 drops/min. Rinse centrifuge tube 
twice with 1 ml of 12 N HCl and add to column. 
Wash out all Al*? with 1-5 column volumes of 12 N 
HCl. This gives carrier-free Al?® in 12 N HCl. (Sct 
and V+ elute soon after; therefore excessive elution 
is undesirable.) 

(18) To convert to the nitrate, add 200 ml of 
concentrated HNO, and evaporate to about 10 ml in 
a silicone-coated beaker. This gives carrier-free Al?® 
in ~6 N HNOg. (Caution should be taken in heating 
the AICI, in HCl, as its vapor pressure is significant 
at elevated temperatures.) 


Purification of Na 
(19) To combined filtrate from step 5 and washings 
from step 6, add NH,OH or NHsg gas to precipitate 


277 


most of the Mg as Mg(OH),. Filter this solution 
using a silicone-coated filter flask and a ceramic 
Biichner funnel. Wash with concentrated NH,OH, 
combining filtrate and washings. Discard precipitate. 

(20) Boil gently to drive off all NHg, then evaporate 
in a silicone-coated beaker down to ~5 ml. Add 20 
ml of 12 N HCl + 80 ml of 15 N HNO, to drive off 
all ammonium salts. 

(21) After evolution of NO, has subsided evaporate 
to 5 ml. Add 150 ml of H,O and pass through large 
cation-exchange column. Wash column with 3 
column volumes of distilled H,O. Discard effluent. 

(22) Elute Nat with 0-35 N HCl, following the 
band or assaying the effluent with some type of 
radiation detector to determine when Na” is being 
eluted. Collect ~ 99 per cent of the Na” fraction, 
discarding the fractions taken before and after. 
This gives carrier-free Na” in 0-35 N HCl. (If the 
separation is made within a few days of the bom- 
bardment, Na” will also be present.) 


CHEMICAL YIELDS AND DEGREE OF PURIFICATION 


The chemical yields for this procedure were 
determined by adding known amounts of 
Al*® and Na*? to Mg metal samples and then 
separating them. In all cases, the yield 
for each radionuclide was >95 per cent. 

The degree of purification of Al?® was 


determined by estimating the maximum 
amount of impurities in an Al*® sample from 
its p-absorption curve (Geiger counter), 
y-spectrum (scintillation spectrometer) and 
X-ray spectrum (proportional counter). The 


amount of impurity was <i0 dis/min in a 
target whose total activity was ~10° dis/min. 
The decontamination factor is therefore > 108. 

The degree of purification of Na?? is 
given") as ~10 for a similar process for the 
carrier-free separation of Na” from Mg 
targets by cation exchange. The chief 
contaminant should be K* produced by 
Ca*4(d,«)K* from calcium impurity in the 
target, but this will have decayed completely 
by two weeks after the bombardment. 


BOMBARDMENT YIELDS 


From several magnesium targets bom- 
barded with 15 MeV deuterons at beam 
strengths ranging from 155 to 180 wA, 
sufficient Mg was dissolved off to remove 
most of the Na” activity. By measurement 
of the gamma activity of the targets before 
and after the dissolution, the fractional 
removal of Na?®* was determined. It was 
determined that by dissolving 8-6 g of Mg off 
the surface, 95 + 3 per cent of the Na” acti- 
vity is removed. The Al?* and Na”? were 
determined in each target, using the above 
procedure for the later isolations. ‘Table 1 
compiles the yield data on all targets ana- 
lyzed to date. 

The Na?? absolute disintegration rate was 
determined by either a calibrated end-win- 
dow Geiger counter or a calibrated ioni- 


8—(20 pp.) 


zation chamber, as indicated in the table. 
The calibration has taken into account that 
Na”? undergoes electron capture in 11 per 
cent of its disintegrations.'%.1%17 The 
disintegration rate has also been corrected 
for the fraction of activity not removed from 
the target. The Na” activities for targets 
5 and 6 were determined after purification; 
a chemical yield of 95-5 per cent was 
assumed for these targets. The Na? activi- 
ties of the remaining targets were determined 
from the gamma radiation early in the pro- 
cedure, so no correction for chemical yield 
was necessary; it was verified that essenti- 
ally all the gamma radiation came from the 
Na®*. The resultant thick-target production 
rate of (4-3-4 0-3) x 10® dis/min/wAhr is 
in excellent agreement with the values of 
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Taste 1. Al26 and Na” thick-target yields from Mg bombarded with 15 MeV deuterons 


Al?® Absolute | Na®? Absolute Na” Yield 
bbe Yield | Al?6/Na®? rat 
Target no. | Bombardment | Beam strength activity | activity (dis/min/uAhr 
time (hr) (uA) | (dis/min) (dis/min/uAhr) | (gisfmin) x 10-8 x 10° 
| | | | 
| | | | | | 
1 / 0-083 + 0-021 165 + 15 17-6 +: 9-6 (a) 1:28 +0-79 | | 
2 0664016 | 165+15 |115+29(a) | 1-04 + 0-46 | 
3 3 165 + 15 631+ 69(a) | 1-284 0-18 
4 10 | 180 + 15 2730 + 120(a) | 1-51 + 0-22 | 
5 1 | 175415 |2904125(a) | 165+ 0:77. | > 6-08 (a, d) | >3-50 | 
6 3 170+15 |6584115(a) | 1-294 0-26 | 21-0 + 5-9 (a) 4:1341:25 | 3-20 + 0-29 
7 30 | 180 +15 | >4000 (a,d) | >0°75 220 + 54 (c) 408 41:15 | 
8 1 155+15 |2304+34(a) | 1484024 | 7454 1-11 (c) | 48040-7656 | 3-244 0°73 
9 1 | 155415 218434(a) | 1414024 | 7-2541-10(c) | 4684075 | 3:3440-75 
10 1 165 + 15 264 + 31 (a) | 1-60 +024 | 760+1-12(c) | 462 + 0-72 | 2-90 + 0-65 
11 57 160 + 15 >3400 (b, d) | >0°38 | 430 + 48 (c) | 4-72 + 0-58 
12 50 160 +15 | >7500 (a, d) >0-94 | 374 + 42 (c) | 468+0°57 | 
| | | 
Weighted average | 1404013 | 4-62 + 0-28 3-18 + 0-23 


(a) Determined by calibrated end-window Geiger counter. 
(b) Determined by 47 Geiger counter. 

(c) Determined by calibrated ionization chamber. 

(d) Part of sample lost through accident. 


~4-7 108 and ~4-6 x 
108 dis/min/wAhr“*? obtained by others for 
this same cyclotron. 

The Al?® absolute disintegration rate was 
determined by either a calibrated end- 
window Geiger counter of a 47 Geiger 
counter. Again, the calibration has taken 
into account electron capture, 16 per cent 
for Al?6® The fraction of activity not 
removed from the target was assumed to be 
the same as for Na®®. The chemical yield for 
the first three targets was determined by 
adding a known amount of carrier and deter- 


mining the purified aluminum gravimetri- 
cally. The remaining targets were purified 
in carrier-free form and a chemical yield of 
95 + 5 per cent was assumed. The average 
thick-target yield of Al?* is 1-40+ 0-13 
dis/min/wAhr. 

The indicated uncertainties in these yields 
are standard deviations and are due to 
uncertainties in (1) beam strength, (2) 
counting yields, (3) fraction of activity 
removed from target, and (4) counting rates 
due to counting statistics in certain short 
bombardments. 


HALF-LIFE OF ALUMINUM-26 


The ratio of Al** to Na** activity produced 
in these bombardments was determined, 
with greater precision than the individual 
yields, as (3-18-+ 0-23) x 10-’. The 
uncertainty of the beam strength does not 
contribute to the uncertainty of this ratio. 
Using the same basis of estimation of the 
Ai?* half-life as previously? a value of 
(1-1 + 0-1) x i0® years is obtained. The 
previous estimate was~10® years. 


There is still a considerable uncertainty in 
the half-life because of the assumptions 
that (1) the reactions Mg?>(d,2n)Al?* and 
have equal thick-target 
yields, except for isotopic abundances, and 
(2) the Al?6 yield is equally divided between 
Al?67 and Al?6",. We accordingly express our 
result as ~1 » 10® years, uncertain by a 
factor of about 2. 
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A method has been devised for tracer studies with oxygen using paper chromatography and 
proton activation of oxygen-i8 to fluorine-18. This technique is relatively simple and can 
detect a fraction of a ug of O18, as well as giving some information about the chemical nature 
of the compound into which it is incorporated. The procedure has been applied to a 
preliminary study of the path of oxygen in green algae. Three short-term photosynthesis 
products containing O18 were observed. 


UNE ETUDE DE PHOTOSYNTHESE AVEC COMME TRACEUR O'8 
ANALYSE PAR ACTIVATION 


On propose une méthode d’études par traceur avec l’oxygéne a l’aide de chromatographie 
sur papier, par activation protonique de l’oxygéne-18 en fluor-18. Cette technique est 
relativement simple et permet la détection d’une fraction d’un yg de O18, tout en four- 
nissant des renseignements sur la nature chimique du composé auquel il est incorporé. On a 
appliqué ce procédé a une étude préliminaire du cheminement de l’oxygéne dans les algues 
vertes. Ona observé trois produits de photosynthése de courte durée renfermant O18, 


B OBJIACTH ®OTOCHHTEDSA TIPHM 018 
C AHAJIN3A 

OyMasKHY!O Bo Prop—18 mpu AeiicTBUM MpOTOHOB. 
Meroquka Mpocta M pr O18, a 
HeKOTOpble CBeeHUA O coequHeHHA, B KOTOPOe 
Ona kK MyTH B 3eeHbIX 


STUDIE UBER PHOTOANFBAU MITTELS LEITISOTOPEN 018 
UND AKTIVIERUNGSANALYSE 


Eine Methode zum Nachweis von Sauerstoff mittels Leitisotopen, unter Beniitzung der 
Papierchromatographie und Uberfiihrung des O!8 in F!8 durch Bestrahlung mit Protonen 
entwickelt. Diese verhaltnismassige einfache Technik erlaubt den Nachweis von Bruchteilen 
eines wg O18, Uberdies gibt die Methode Angaben iiber die chemische Natur des Korpes der 
©'8 enthalt. Die Methode wurde in einen vorlaufigen Studie iiber den Weg der Sauerstoff 
im Falle von Algen benutzt. Drei direkte O!8-enthaltende Produkte des Photoaufbaues sind 
beobachtet worden. 


* The work described in this paper was sponsored in part by the U.S. Atomic Energy Commission. 
+ Present address: Royal Institute of Technology, Stockholm, Sweden. This work was partly supported by a 
grant from the Rockefeller Foundation to Prof. Calvin. 


280 


A tracer study with O18 in photosynthesis by activation analysis 


INTRODUCTION 


Since oxygen is an important element in 
organic matter, it is of interest to study the 
path of oxygenin plants, from the time oxygen 
as water is taken up by plants to the time it is 
given off as gaseous oxygen. The half-lives 
of the radioactive isotopes of oxygen are all 
very short, so in general it is necessary for 
oxygen tracer studies to use one of the two 
stable isotopes occurring in small percentage 
in ordinary oxygen. These are oxygen-17 
and oxygen-18 with abundances of 0-039 per 
cent and 0-204 per cent respectively. 

There are several ways to detect these 
isotopes, such as mass spectrometry, nuclear 
magnetic resonance (applicable only to O!’), 
and density measurements. Another way is 


by activation analysis, and the purpose of the 
work reported here was to investigate this 
oxygen analysis method and to apply the pro- 
cedure to a study of the chemical incorpora- 
tion of oxygen into algae. To do this 
experiment by nuclear magnetic resonance or 
mass spectrometry would have involved 
large quantities of very expensive chemicals 
and/or distressingly tedious procedures for 
reducing a complex sample to a large number 
of smallsamples derived from some separation 
process. In the activation analysis here 
reported entire chromatograms can be bom- 
barded and autoradiographed, thus simpli- 
fying the analytical procedure and providing 
chemical information at the same time. 


SELECTION OF ISOTOPE 


Both the isotopes of oxygen that are suitable 
for tracer work, oxygen-17 and oxygen-18, 
are available in enriched form. The isotope 
chosen in this work was O!8 which was used as 
water in an enrichment of 20 per cent. The 
main reason for this choice was that the 


isotope has a high capture cross-section for 
protons (0-2 « 10-*4 cm? for 4 MeV protons?) 


yielding fluorine-18 by the reaction 
O1!8(p,n)F18. Fluorine-18 has a half-life of 
1-8 hr, and emits positrons of an energy of 
0-64 MeV. Calculations showed that 0-1-1 
ug of O18 could easily be detected by radio- 
activity measurements of F1§ if a 4 MeV 
proton beam of 1-10 wA was allowed to hit 
the oxygen target for a few minutes. The 
amount of F!® activity formed during a 
bombardment with 4 MeV protons during 
a few minutes is roughly ¢tm(4 x 10-") 
disintegrations/unit time where ¢ js the flux, 
t the bombardment time in minutes, and m 
is the amount of O!8 in wg. It was also found 
that, after 1 hr aging a bombarded sample 
of organic material containing enriched O'%, 
interfering radioactivity from carbon, nitro- 
gen, and other oxygen isotopes was negligible 


if protons of an energy of about 4 MeV were 
used for the bombardment. 

The main reason for not using O!7 was 
that it was not available in very high 
enrichment (1-1-8 per cent). Also the only 
reaction that seemed to be useful for the acti- 
vation of that istope is O17(n,«)C™, with a 
cross section of 0-5 x 10-4 cm%, yielding the 
radioactive isotope carbon-14. The amount 
of C™ activity produced with a neutron 
irradiation of O!” isroughly ¢tym(0-5 10-1) 
disintegrations/unit time where ¢ is the flux, 
éq the time in days, and m the amount of Ol” 
in wg. This is a very small amount of acti- 
vity to be detected when one considers that 
O"” is available in only one per cent enrich- 
ment and that the highest neutron flux 
available is about 10! n/sec/em?. Carbon-14 
is also formed by a high cross-section (1:75 
10-*4 cm?) neutron reaction on nitrogen-14 
which would give serious interference in the 
analysis of unknown _nitrogen-containing 
compounds. Nitrogen would give rise to 
Cl activity of about dfym(2 x 10-4) 
disintegrations/unit time where m is here the 
amount of N!4 in ug. 


WORKING CONDITIONS 


The initial purpose of the work was to 
analyze qualitatively and, if possible, quanti- 
tatively for the oxygen which is incorporated 
in different compounds in algae grown in O'8 


enriched water for a short period of time. In 
order to separate the different compounds in 
an alcohol extract of the algae, the extract 
was concentrated and chromatographed in 
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one dimension using butanol-propionic acid- 
water solvent.) The compounds are then 
found as spots on the paper. The amount of 
the solution from the algae to be chromato- 
graphedischosen insucha way that every spot 
on the chromatogram contains 10-100 ug of 
substance, of which 20-50 per cent is usually 
oxygen. Since we wereusing water containing 
20 per cent O18 every spot would thus contain 
0-4—10 ug O!8, mostly spread over an area of 
1 cm*. Chromatography paper weighs about 
10 mg/cm? and is about 50 per cent oxygen of 
which 0-02 per cent is O18. This gives an O18 


content of 10 wg/cm? in the paper, which is 
comparable to that in the spots of the material 
to be analyzed. Itis thus not feasible to per- 
form an O!8 analysis directly on ordinary 
paper. A synthetic oxygen-free paper would 
beuseful, but here other isotopescan interfere. 
Thus a polyvinylchloride paper looks interest- 
ing until one considers that a 4 MeV proton 
bombardment would give rise to an argon-37 
activity from of about 10-4 
disintegrations/unit time/cm? of paper, where 
¢ is the proton flux and ¢ the bombardment 
time in minutes. 


TRANSFER OF A PAPER CHROMATOGRAM TO A METAL SHEET 


For these reasons it was necessary to devise 
a method to transfer the compounds of a 
developed one-dimensional paper chroma- 
tograph to a metal sheet. This had to be 
done without changing the pattern of the 
compounds on the developed paper since 
this pattern is used to identify the compounds 
in the different spots. After trials of different 
ways of serrating the edge of the paper and of 
eluting the material onto the sheet, including 
transfer by clothand transfer by ascending and 
descending elution, it was found that good 
results are achieved with the apparatus shown 
in Fig. 1. The chromatogram was divided 
into 3 to 4 in. pieces and the segments were 
eluted one at a time. One edge of the 
chromatogram was cut with a_ scalpel 
using as a pattern the edge of a piece of 
brass, which has the desired form (see Fig. 1F). 
The cut paper edge was a!lowed to just touch 
a metal sheet B which rested on the metal 
plate A that was heated by means of a 


Fic. 1. Apparatus for transferring a developed one- 
dimensional paper chromatogram to a metal sheet. 
A, Metal supporting plate; B, Tantalum sheet; C, 
Heating tape under sheet; D, Variable voltage control; 
E, Sheet of brass used to serrate edges of chromatogram. 


resistance strip. The elution system was 
covered with a glass vessel. A row of drops 
was allowed to form while the plate was 
heated slightly. The heat was then regu- 
lated in such a way that the beginning of a 
row of drops was continually forming where 
the paper touched the metal sheet. The 
system was kept in that condition for about 
1 hr, causing the eluted material to concen- 
trate at the edge of the paper. In addition to 
the heat, removal of the glass hood can be 
used as a regulating factor. After 1 hr the 
heat was shut off and a row of drops was 
allowed to form on the sheet. At no time 
were the drops allowed to coalesce either on 
the paper or oa the sheet. Then the cover 
was taken away and the paper was lifted 
from the sheet. The heat was turned on and 
left on until the drops on the sheet had evapo- 
rated. The paper was lowered again so that 
it touched the sheet about 3 cm to the side of 
the first row of drops. The system was again 
covered and another row of drops was 
allowed to form but without heating. The 
evaporation was repeated. A third row of 
drops was then allowed to form 4 cm further 
from the center. 

In order to test the reliability of the trans- 
fer by this technique, a paper chromatogram 
of Cl4-labeled sugar phosphates was deve- 
loped in a system of butanol-propionic acid, 
autoradiographed and eluted by the above 
method. After the elution the metal sheet 
and the paper were autoradiographed. The 
X-ray film showed that the pattern of the 
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chromatogram had been reproduced on the 


paper, but most of the active material had 


sheet (Fig. 2a, 2b). A small amount of been eluted onto the plate. 


radioactivity was still left at the edge of the 


IRRADIATION DEVELOPMENT AND IDENTIFICATION OF RADIOISOTOPES 


If one is to be able to trace spots containing 
O!8 on a metal sheet by proton bombardment 
and autoradiography the metal itself must 
not become radioactive or the radioactivity 
induced in the metal must have such a short 
half-life that it will disappear 1-2 hr after 
the bombardment, the time that the sheet 
can be aged. Two materials that fulfill these 
conditions are aluminum and _ tantalum. 
However, there are impurities in most ma- 
terials, and, as activation analysis is a very 
sensitive analytical method, evena hundredth 
of a percent or less of an element could give 
rise to interfering radioactivity. Even pure 
aluminum usually contains some 0-01—0-001 
per cent copper, which has a very high 
capture cross-section for protons. By calcu- 
lation it was found that the copper content 
had to be lower than 0-005 per cent not to 
interfere with the oxygen analysis. Very 
small impurities of zinc would also cause 
interfering radioactivity. The best aluminum 
available was said to have a purity of 99-999 
per cent though spectral analysis showed 
that the copper content was larger than 
0-001 percent. The oxide layer on aluminum 
will not interfere with the oxygen analysis 
as, on a rough aluminum surface, it is about 
90 A thick, having a specific gravity of 3, 
and thus contains only 3 x 10-3 ug of O18 
per cm?. 

Pure aluminum and reactor grade tanta- 
lum were tested in a preliminary bombard- 
ment. In addition O!* containing spots were 
applied to the metal sheets. The reason for 
testing the aluminum in spite of its impurities 
was that it is an inexpensive and easily 
available material compared to tantalum. 

For the first bombardment a stationary 


beam and sample at the 60-in. cyclotron was 
used. The beam covers an area of about 
0-2 in. x 1 in. Each target was bombarded 
4 min with 4:5 MeV protons at 10-5 wA. 

Aluminum target. The O'8 was applied 
to the aluminum in the form of barium 
aluminate prepared from O!*-rich water by 
dissolving barium to a known concentration 
in such water and putting a known amount 
of this hydroxide solution on to the target, 
which was then heated in a vacuum oven in 
order toevaporate the water without exchange 
withthe water molecules in the air. Two spots 
of this barium aluminate each containing 
about 10 wg of O!® were applied to the plate 
together with a spot of barium aluminate 
prepared from ordinary water. 

After the bombardment the target showed 
a very high radioactivity even after an aging 
period of 2 hr (ca. 150 mr/hr at a distance of 
1 cm). No significant difference could be 
found between the area with O'8 -rich barium 
aluminate and the area with ordinary barium 
aluminate. ‘Twenty-four hours after the 
bombardment about one-third of the radio- 
activity measured after two hours aging still 
remained. One of the aluminate spots was 
washed off the target and the radioactivity of 
the target was then measured. It remained 
the same as before washing off the spot, which 
shows the radioactivity originated from 
impurities in the aluminum. 

Tantalum target. In order to obtain O!8 
enriched organic material, Chlorella pyre- 
noidosa was grown at 24°C, with shaking for 
2 days in O'8-enriched water. One ml of 
ordinary Myers medium* was evaporated to 
dryness in a 5 ml volumetric flask. One 
ml of 20 per cent O!8-watert was added to 


* Composition being 12 mM KNO;, 10 mM MgSQ,°7H,O, 8 mM KH,PO,, 0-1 mM Ca(NOs),, 0-11 mM 
Fe-EDTA, 0-5 p.p.m . B, 0:5 p.p.m. Mn, 0-05 p.p.m. Zn, 0-02 p.p.m. Cu, 0-01 p.p.m. Mo, and 0-01 p.p.m. Co. Pyrex 


redistilled water was used throughout. 


+ This water was analyzed by ME tun Kien of UCRL, Livermore, and found to contain 58 per cent D. Experi- 
ments by V. Moses in our laboratory have shown that deuterium content of the water as high as 60 per cent 
slows down the rate of photosynthesis somewhat and only slightly modifies the metabolic pattern as determined 


by incorporation studies. 
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the salts and inoculated with 10 / of algae 
suspension. Dry 4 per cent CO, in air was 
supplied to the culture at a pressure some- 
what over one atmosphere in a closed vessel. 
Twice during the growth period the gas in 
the flask was flushed and renewed. The algae 
were cenirifuged and washed twice with 
ordinary distilled water. Seventy-two wg 
of the algae (dry weight), with a calculated 
O!8 content of about 4 wg, were applied in 
a water suspension to a tantalum sheet as a 
drop which was then evaporated. 

After aging the bombarded target for 2 hr 
the radioactivity at a distance of 1 cm 
was 5 mr/hr. An autoradiograph taken of 
the plate after two and a half hours showed 
a black spot where the algae had been applied 
and a slight dark shadow on the whole area 
where the beam had been hitting the target 
Fig. 3a shows the deveioped film. The 


exposure time was 12 min. 


Channel! No. 
10 30 50 70 90 NO 
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0-51 MeV 
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Energy MeV 
Fic. 4. Energy spectrum taken by a _ one-hundred- 
channel X-ray pulse height analyzer of a proton bom- 
barded tantalum target with a spot of O18-rich green algae. 


2 
3 10 h, =1-8hr 
4 = 
1 2 4 
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Fic. 5. Activity of the 0-51 MeV peak from green algae, 
bombarded with protons as a function of time. 


y-Ray spectra were then taken of the target 
by means of a hundred-channel pulse height 
analyzer. A y-ray spectrum in the lower 
energy range is shown in Fig. 4. From this 
figure it can be seen that thereisa pronounced 
peak at 0-51 MeV, the energy of anni- 
hilation radiation for positrons. This peak 
could thus correspond to F!8, which is a 
p*-emitter. There are also other peaks. 

The part of the plate containing the algae 
was then cut out from the rest of the plate and 
new energy spectra were taken, which showed 
the only peak derived from the algae alone 
was the 0:31 MeV peak. The half-life of the 
material forming this peak was measured and 
found to be 1-8 + 0-1 hr (Fig. 5), which 
agrees with the half-life of F!* which is 1-8 hr. 
One of the half-lives of the radio-activity 
coming from the tantalum was about 6 hr. 

After the energy measurements the target 
was put together again and on the next day 
autoradiographed for 7 hr. The film, which 
is pictured in Fig. 3b, shows that part of the 
radioactivity in the tantalum plate itself 
is still left while all activity from the algae 
has disappeared. This agrees with the results 
obtained by the half-life measurements. 

Target holder and target sheet. As the acti- 
vation analysis method of tracing O!® was 
developed in ordertoanalyze paper chromato- 
grams of a length of about 10 in., a target 
plate of 0-006 in. thick tantalum sheet about 
10 in. long and 2 in. wide was used and 
rotated in front of the proton beam. A 
holder for the target was constructed, in 
which the tantalum strip was held as a 
cylinder. On one edge of the target strip 
holes were drilled and screws held the strip 
to the holder which was a round lucite plate. 
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Thus one edge of the tantalum strip was 
fastened to the holder, the other side was free. 
Inside the cylindrical strip a jet of air was 
directed at the target point for cooling. The 
proton beam was collimated into a cross 
sectional area 3? < } in. 

In the experiments described in the 
following sections, the total bombardment 
time was two hours with 4:5 + 0:2 MeV 
protons. ‘The average current during this 
time was 2:75 wA. The target was rotated in 
front of the beam at 160 rev/min. As 
the length of the target was about 10 in. and 
the width of the beam } in., every spot 
was exposed to the beam for a total of 3 min. 
Sufficient air was blown onto the inner side 
of the target area to dissipate the heat. 

Sensitivity. The experiment just described 
showed that 72 wg of O'8-enriched algae 
containing 4 wg of O'§ could be detected 
on an autoradiograph of a tantalum target 
after bombardment with protons. The next 
experiment was planned to give information 
on how small an amount of O!* could be 
detected by activation and autoradiography. 
Elution and bombardment of a chromato- 
gram of an extract from a photosynthesis 
experiment in O!%-rich water was also 
planned. 

To test the sensitivity of the O'8 analysis 
Chlorella Pyrenoidosa was grown in O!8-rich 
water for two and a half days. The algae 
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were centrifuged and washed twice with 
distilled water. Five samples from a sus- 
pension of the algae in distilled water were 
evaporated as spots on the area of the target 
sheet. The amounts of algae in the different 
spots were 85, 15, 7-5, 4, and 2 wg and the 
amounts of O18, 5, 1, 0-5, 0-2, and 0-1 ug, 
respectively. 

A control sample of algae (actually a 
sample from the inoculating suspension) was 
also centrifuged and washed twice with 
distilled water. Three samples from a 
suspension of this algae were evaporated as 
spots on the target sheet. The amounts of 
algae in the three control spots were 40, 4, 
and 2 wg. 

Fig. 6 shows the autoradiographs from the 
several spots. The spot containing 2 wg of 
algae and 0-1 ug of O18 can still be detected 
against the background. A shorter exposure 
time would probably favor the contrast of 
the spot compared to that of the background. 
The autoradiographs of the spots of ordinary 
algae show that 40 wg gives rise to a very 
slight dark spot. The autoradiographs of 
the two smaller amounts of ordinary algae 
show no dark spot at all. The slight spot 
from 40 ug of algae might be due to the F!8 
formed from the 0-2 per cent of O18 in the 
ordinary oxygen of the algae, which would 
be ~0-04 ug of O18. Spots 6f and 6g have 
comparable contrast. 


PRELIMINARY PHOTOSYNTHESIS EXPERIMENT 


In the photosynthesis experiment 250 / 
of packed cells of Chlorella pyrenoidosa was 
suspended in 4 ml of O18-rich water (20 per 
cent O18), The suspension was allowed to 
photosynthesize for 23 min and then centri- 
fuged. The supernatant liquid was with- 
drawn and the algae were killed with 5 ml 
of hot 80 per cent ethanol in water. The 
suspension was extracted for about 1 hr 
after which time it was centrifuged and the 
liquid phase withdrawn. The algae were 
also extracted twice with 20 per cent ethanol 
in water at 60°C for 20 min. The different 
extracts were combined and concentrated 
almost to dryness under vacuum in a Craig 
apparatus. The residue was taken up in 2 ml 
of 40 per cent ethanol and centrifuged. The 


8a—(4 pp.) 


centrifugation gave a very small amount of 
solid substance on the bottom of the centri- 
fuge tube. An aliquot of 0-4 ml of the solu- 
tion was applied to a paper which was then 
developed in butanol-propionic acid for 
about 6 hr. The chromatogram, which 
was 134 in. long, was dried and the first 6 in. 
of it were eluted onto a tantalum target sheet 
by the method described earlier in this report. 

One hour and ten minutes after the 
bombardment, the autoradiography of the 
target was begun. A variety of exposures 
were made after different decay periods. A 
selection of these are shown in Fig. 7. It can 
be seen that in the first exposure in Fig. 7 
there is still a rather strong activity in the 
tantalum sheet. No such strong activity can 
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be seen at the exposure taken three hours 
after the bombardment, which means that in 
addition to the long-lived activity there is 
radioactivity induced in the tantalum with a 
very short half-life. Therefore, the tantalum 
target should be aged for 2 to 3 hr before 
making autoradiographs of it. As can be 
seen from Fig. 7, the best contrast is achieved 
2 to 4hr after the proton bombardment. The 
eluted chromatogram shows three peaks of 
radioactivity which were not identified but 
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corresponded to the mono- and diphosphates 
and phosphoglyceric acid areas on a paper 
chromatogram, as they usually appear in 
CO, fixation experiments. 

An autoradiograph was also taken 18 hr 
after the bombardment as a test that very 
little activity remained in the spots. ‘The 
exposure time was 7 hr. The developed film 
shows extremely slight black spots, a fact 
that quite agrees with the half life of F!* 
being 1-8 hr. 
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Direction of chromatogram development ——————> 


@: Autorodiogram of a paper chromatogram of C'*-labeled sugar phosphate developed in butanol—propionic acid. 
Exposure time 12 hr. : 


* 


b: Autoradiogram of the metal sheet to which the paper chromatogram in “a” had been eluted. 
Exposure time 12 hr. 


Fic. 2. Films showing transfer of paper chromatogram pattern to metal sheet. 
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Fic. 3a. 72 wg (dry weight) of H,O1*-grown algae on a tantalum plate 
bombarded 4 min with 4 MeV protons at 10-5 wA. The autoradiograph 
was taken 2} hr after the bombardment. Exposure time, 12 min. 


Fic. 3b. Autoradiograph of target, starting 26 hr after the bombardment. 
Exposure time, 7 hr. 
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a: 85 yg of H,0 algae. 
Exposure time 5 min. 


d: 75 pg of algae. 
ExposGre time 50 min. 


. 


b 85 yg of algae. 
Exposure time 10 min. 


e: 4 pg of H,0° algae. 
Exposure time 100 min. 


: 15 pq of H20" algae. 
Exposure time 25 min. 


f: 2yg of 0” algae. 
Exposure time 200 min. 


g: 40 yg ordinary green aigoe. 
Exposure time 10 min. 


h: 4 pg ordinary green algae. 
Exposure time 50 min. 


i: 2 pg ordinary green aigae. 
‘Exposure time 100 min. 


Fic. 6. Autoradiographs after proton bombardment of different amounts of O}8-enriched and ordinary 
green algae. Exposure of all films started 2 hr after the bombardment. 
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Exposure time min. Exposure begun | hr lOmin. after bombardment. 


Exposure time 5 min. Exposure begun | hr. 4Omin ofter bombordment. 


4 


Exposure time 8 min. Exposure begun 2 hr 40 min. after bombordment. 
Exposure time 20min. Exposure begun 3hr. lOmin. after bombardment 


Exposure time |Omin. Exposure begun 3he 40min. after bombardment. 


Exposure time 7 hr. Exposure begun 18 hr. after bombardment. 

Fic. 7. Autoradiographs of a proton-bombarded tantalum target 

containing a transferred paper chromatogram prepared from algae 
grown for 20 min in O}8-enriched water. 
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Ross J. F. The diagnosis and investigation of 
disease with radioactive isotopes. Progr. Nuclear 
Energy Series VII. Med. Sci. 1, 33-48 (1956). 
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reactions. Chem. Eng. News 33, 1424-8 (1955). 
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chemistry. Annu. Rev. Phys. Chem. 2, 99-120 (1951). 
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Annu. Rev. Nuclear Sct. 6, 215-76 (1956). 
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Gien J. W. Asurvey of irradiation effects in metals. 
Adv. Phys. 4, 381-478 (1955). 
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radiation in solids. Atomics 6, 205-8, 241-7 (1955). 
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polymers. Nucleonics 12, No. 6. 18-25 (1954). 
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Reviews and Reports 
WasSERMAN R. H. Radiation processing of foods. 
J. Amer. Diet. Ass. 33, 33-6 (1957). 


Proctor B. E. and GotpsuitH S. A. Progress and 
problems in the development of cold sterilization of 
foods. Proc. Intern. Conf. Peaceful Uses Atomic 
Energy, Geneva 1955, 15, 245-250 (1956). 

Ionizing radiations: Their production, effects 
and utilization (with special reference to food and 
packaging technology) 341 p. Bibliographic series 
No. 4. Quartermaster Food and Container Inst. 
Chicago, report no NP-5214 (1954); Part 2. 
report no. NP-5297, 341 p. (1954); Part 3. 
Subject index report no. NP-5298 (1954); Supple- 
ments I and II. report no. NP-5792, 536 p. (1955). 
Subject index to supplements I and II. report no. 
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Office (1955). 

Kuprianorr J. Preservation of foodstuffs by 


ionising beta and gamma-rays. Z. Lebensmitt. Unter- 
such. 100, 275-303 (1955). 


Editorial Announcement 


Tue Editors and Publishers are happy to announce 
that publication is to commence of a world classified 
bibliography on the Uses of Radioisotopes in Pure and 
Applied Research. It is hoped to commence with a 
complete bibliography covering the years 1955-56 
and thereafter to maintain a classified bibliography 
of the current literature, which will appear in each 
issue of the International Journal of Applied Radiation and 
Isotopes. 


| 
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FRANCE 
Réacteur EL.3 


La PILE a eau lourde a haut flux EL.3, construite 
au Centre d’études nucléaires de Saclay a divergé le 
4 juillet 1957. C’est une pile a eau lourde et a 
uranium faiblement enrichi qui permettra d’obtenir 
un flux de 10!n/cm?/s. Son programme d’utili- 
sation est analogue a celui de la pile anglaise DIDO 
et comprend en particulier la production de radio- 
éléments de forte activité spécifique. I] est prévu 
que cette production pourra commencer en avril 
1958 et portera notamment sur le cobalt-60 destiné 
a la téléthérapie qui pourrait étre disponible a 
partir du début de 1959, en quantités de 20,000 
curies par an. 


Enseignement 


L’Instrrur National des Sciences et Techniques 
Nucléaires de Saclay a recu du 3 an 14 juin un 
groupe d’inspecteurs du travail venus se familiariser 
avec les méthodes de manipulation des_ radio- 
éléments dont ils devront controler l’emploi dans 
V’industrie. Du 2 au 27 septembre un cours analogue 
sera organisé par |’Institut National d’Hygiéne et 
VEcole Nationale de la Santé publique pour les 
médecins inspecteurs de la Santé. Le cours de 
radiobiologie ouvert au auditeurs francais et étran- 
gers aura lieu de novembre 1957 a juillet 1958. Ce 
cours porte en particulier sur l’utilisation des traceurs 
en biologie. 


U.S.A. 


Tue Atomic Industrial Forum will sponsor the 
1957 Trade Fair of the Atomic Industry at the New 
York Coliseum, October 28-31. Exhibits will 
feature instrumentation, shielding, isotope laboratory 
design and equipment, and applications of isotopes 
in industry. 

Tracerlab, Inc., will hold its annual symposium 
in Houston, Texas, November 6-8. Major emphasis 
will center on the application of radioactivity in 
petroleum exploration and production. 

The National Industrial Conference Board will 
sponsor a special management seminar on _ the 
industrial uses of radioisotopes at Rye, New York, 
during the week of November 16-23. One section 
will begin on November 18 and run through Novem- 
ber 20; the second section will begin on November 19 
and conclude on November 21. The course will 
consist of a series of lectures and demonstrations 
designed specifically for non-technically trained 
executives. 
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PORTUGAL 


LATE in 1958 it is expected to have the new Labora- 
tory of Junta de Energia Nuclear in operation, about 
six miles from Lisbon. 

It will have a 1 MW Swimming Pool reactor 
(AMF Atomics), a 2 MeV Van der Graaf Accelerator 
(High Voltage Engineering Corporation), a 0-6 MeV 
Cockroft-Walton accelerator (Philips-Eindhoven, a 
Co® Source for irradiation purposes and a pilot 
plant for uranium production. For this purpose 


discussions are being held with P.E.C. from Paris. 

The laboratory will be concerned with the peaceful 
uses of Atomic Energy of national interest as well as 
personal training and basic research. 


1.U.P.A.C. 


XVIe Congrés International de Chimie Pure 
et Appliquée 


Le XVIe Congrés international de chimie pure et 
appliquée s’est déroulé a Paris du 18 au 24 juillet 
1957. Un certain nombre de communications ont 
porté sur les thémes “‘aspect physico-chimique des 
radioéléments”’ et “‘propriétés chimiques des éléments 
de la série de l’actinium.” 

Le Professeur G. T. SEABorcG de I’Université de 
Californie a fait une conférence générale sur le sujet 
“Recherches récentes sur les éléments actinides” et 
le Professeur Mappock de |’Université de Cambridge 
a parlé sur le “‘Protactinium et les éléments voisins.”’ 

Dans le théme ‘“‘Aspect physico-chimique des 
radioéléments”’ les communications ont porté princi- 
palement sur les sujets suivants: 

Réactions chimiques sous rayonnement. 

Effet de Szilard et Chalmers. 

Etudes de cénétique chimique a l’aide de traceurs. 

Dans le théme “‘Propriétés chimiques des éléments 
de la série de l’actinium’”’ on peut notamment citer 
les sujets suivants: 

Structure des couches éléctroniques des éléments 

actinides. 

Chimie du protactinium. 

Chimie du Thorium. 

Oxydes et sels complexes d’uranium. 

Chimie du plutonium. 


U.K. 


Third Course for Medical Students 
Tue Third Course to enable medical doctors to 
become familiar with isotope work will be held 
from the 23 September to 1 November, 1957. 
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This Course will be held partly at Harwell and 
partly at a number of hospitals. 
Managers’ Course on the Use of Isotopes 


For the first time a 3-day course will be held for 
Directors, Managers and Senior Executives of 


industrial concerns, explaining the uses of radio- 
isotopes and the benefits to industrial processes. 


International News 


Emphasis will be laid on the benefits which industry 
can get out of the use of isotopes and the most 
modern instruments will be demonstrated. The 
first course will last from the 25-27 September, 
1957, and will take place at the Isotope School, 
Harwell. It is intended to repeat such a course 
from time to time. 
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